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(57) There is provided a portable information appa- 
ratus including an EL display device which can reduce 
consumed electric power at the time when a still picture 
is displayed. In the EL display device included in the 
portable information apparatus, a plurality of memory 
circuits and a D/A converter are arranged in a pixel. 
When the EL display device displays the still picture, pic- 
ture display functions other than the EL display device 
and control circuits for controlling the EL display device 
are stopped, so that the portable information apparatus 
capable of reducing the consumed electric power can 
be obtained. 
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Description 

BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention 

[0001] The present invention relates to a portable information apparatus, and more particularly, to a portable infor- 
mation apparatus incorporating a display device using an organic EL (electroluminescence) element, such as a portable 
telephone, a PDA, a portable personal computer, a portable navigation system, and an electronic book. 
10 [0002] Note that, in the present specification, the EL element indicates both an element using light emission (fluo- 
rescence) from a singlet exciton and an element using light emission (phosphorescence) from a triplet exciton. 

2. Description of the Related Art 

15 [0003] In recent years, a portable telephone has become popular by the development of a communication technique. 
In future, electrical transmission of moving pictures, and transmission of a larger amount of information are expected. 
On the other hand, a personal computer is also made lightweight, and a product for mobile use is produced. A number 
of information instruments called personal digital assistants (PDA) starting with electronic notebooks are also produced 
and are coming into wide use. Further, an EL display device and the like is developed, so thai most of the portable 

20 information instruments are equipped with flat displays. 

[0004] Further, in a recent technique, there is a tendency that an active matrix type display device is used as an EL 
display device employed for those. 

[0005] In the active matrix type display device, a thin film transistor (hereinafter referred to as a TFT) is arranged for 
each pixel, and an image is controlled. As compared with a* passive matrix typo display device, such an active matrix 
25 type display device has merits in that high definition can be achieved, picture quality can be improved, moving pictures 
can be handled, and the like. Therefore, in future, it appears that the EL display device of a portable information 
apparatus is changed from the passive matrix type to the active matrix type. 

[0006] Further, in the active matrix type display devices, in recent years, a display device using low temperature 
polysilicon has been realized as a product. In a low temperature polysilicon technique, in addition to pixel TFTs con- 
30 stituting pixels, a driving circuit can be formed at the peripheral portion of a pixel portion by using TFTs at the same 
time, which greatly contributes to miniaturization of a device and reduction in consumed electric power. Accordingly, 
the EL display device becomes an indispensable device for a display portion of a mobile instrument or the like the 
application field of which is remarkably expanded in recent years. 

[0007] FIG. 1 5 is a block diagram of a conventional portable information terminal incorporating an EL display device. 

35 [0008] The portable information terminal is required to extract information demanded by user as the need arises. 
The information is stored in a memory device (a DRAM 1509, a flash memory 1510, etc.) in the portable information 
terminal, is stored in a memory card 1503 inserted into the portable information terminal, or is obtained through con- 
nection to an external instrument via an external interface portion 1505. The information is processed by a CPU 1506 
on the basis of instructions of the user inputted from a pen input tablet 1501, and an EL display device 1513 carries 

40 out a display. 

[0009] Specifically, a signal inputted from the pen input tablet 1501 is detected by a detection circuit 1502, and is 
inputted to a tablet interface 1518. This input signal is processed by the tablet interface 1518, and is inputted to a 
picture signal processing circuit 1507 and the like. The CPU 1506 processes necessary data, converts it into image 
data on the basis of an image format stored in a VRAM 1511 , and sends it to an EL controller 1512. Here, the EL 
^5 controller 1512 generates a signal for driving the EL display device 1513 and inputs it to the display device 1513. In 
this way, the display device 1513 is driven to carry out a display. 

[0010] FIG. 16 is a block diagram of a conventional portable telephone incorporating an EL display device. The 
portable telephone includes a transmit-receive circuit 1615, a voice processing circuit 1602 for voice processing a 
received signal, a speaker 1614, a mike 1608, a keyboard 1601 for inputting data, a keyboard interface 1618 for 

so processing a signal inputted from the keyboard 1 601 , and the like. 

[0011] On the basis of the instructions of the user inputted from the keyboard, the CPU 1 606 processes information 
stored in the memory device (a DRAM 1609 : a flash memory 1610, etc.), information stored in a memory card 1603 
inserted in the portable information terminal, or information obtained through connection to an external instrument via 
an external interface port 1605, and an EL display device 1613 carries out a display. 

55 [0012] Specifically, a signal inputted from the keyboard 1601 is processed by the keyboard interface 1618 and is 
inputted to a picture signal processing circuit 1607 and the like. A CPU 1606 processes necessary data, converts it 
into image data on the basis of an image format stored in a VRAM 1611 , and sends it to an EL controller 1612. Here, 
the EL controller 1612 generates a signal for driving the EL display device 1613, and inputs it to the display device. In 
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this way, the display device is driven to carry out a display. 

[0013] An example of a structure of the transmit-receive circuit 1615 is shown in FIG. 26. 

[0014] The transmit-receive circuit 1615 includes an antenna 2602. filters 2603 : 2607, 2608. 2612, and 261 6 ; a 
switch 2604. amplifiers 2605, 2606 and 2617. a first frequency changing circuit 2609, a second frequency changing 
5 circuit 261 3 ; a frequency changing circuit 261 1 , oscillation circuits 261 0 and 261 4, a chopper 261 5, a data demodulation 
circuit 261 8 : and a data modulation circuit 2619. 

[0015] Here : as a display device incorporated in the portable information terminal or the portable telephone, a con- 
ventional digital system EL display device will be described. FIG. 13 is its schematic view. A pixel portion 1308 is 
arranged at the center. A source signal line driving circuit 1301 for controlling source signal lines is arranged at the 

10 upper side of a pixel portion. The source signal line driving circuit 1 301 includes a shift register circuit 1 303, a first latch 
circuit 1304, a second latch circuit 1305, a D/A converter (D/A conversion circuit) 1306, an analog switch 1307, and 
the like. Gate signal line driving circuits 1302 for controlling gate signal lines are arranged at both sides of the pixel 
portion. Note that, in FIG. 13, although the gate signal line driving circuits 1302 are arranged at both sides of the pixel 
portion, they may be arranged at one side. However, the arrangement at both sides is desirable in view of driving 

'5 efficiency and driving reliability. 

[0016] The source signal line driving circuit 1301 has a structure as shown in FIG. 14. The driving circuit shown as 
an example in FIG. 14 is a source signal line driving circuit corresponding to a horizontal resolution of 1024 pixels and 
a display of 3-bit digital gradation signal, and includes shift register circuits (SR) 1401, first latch circuits (LAT 1) 1402, 
second latch circuits (LAT 2) 1403, D/A converters (D/A) 1404, and the like. Nole lhat, although not shown in FIG. 14, 

20 a buffer circuit, a level shifter circuit, and the like may be arranged as the need arises. 

[0017] The operation of the display device will be described in brief with reference to FIGS. 13 and 14. First, clock 
signals (S-CLK, S-CLKb) and a start pulse (S-SP) are inputted to the shift register circuit 1303 (expressed as SR in 
FIG. 14), and pulses (sampling pulses) are sequentially outputted. Subsequently, the pulses are inputted to the first 
latch circuit 1304 (expressed as LAT 1 in FIG. 14), and digital Signals (Digital Data) inputted to the same first latch 

25 circuit 1304 are respectively held. Here, D1 is the most significant bit (MSB) and D3 is the least significant bit (LSB). 
In the first latch circuit 1 304, when holding of the digital signals for one horizontal period is completed, the digital signals 
held in the first latch circuit 1304 are transferred in the retrace period to the second latch circuit 1305 (expressed as 
LAT 2 in FIG. 14) all at once in accordance with the input of a latch signal (Latch Pulse). 

[0018] Thereafter, the shift register circuit 1303 is again operated, and holding of digital signals for a next horizontal 
30 period is started. At the same time, the digital signals held in the second latch circuit 1305 are converted into analog 
signals by the D/A converter 1 306 (expressed as D/A in FIG. 1 4). The analog signals are inputted to the pixels through 
the source signal lines. This operation is repeated, so that an image is displayed. 

[0019] Subsequently, driving of the pixel portion 1308 will be described. FIGS. 29A and 29B show a part of the pixel 
portion 1 308 of FIG. 1 3. FIG. 29A shows a matrix of 3 x 3 pixels. A portion surrounded by a dotted line frame 1 900 is 

35 one pixel, and FIG. 29B is an enlarged view thereof. In FIG. 29B, reference numeral 1 901 designates a TFT (hereinafter 
referred to as a switching TFT) functioning as a switching element when a signal is written into the pixel. Any polarity 
of an N-channel type and a P-channel type may be used for the switching TFT 1901. Reference numeral 1902 desig- 
nates a TFT (hereinafter referred to as an EL driving TFT) functioning as an element (current control element) for 
controlling an electric current supplied to an EL element 1903. In the case where the P-channel type is used for the 
EL driving TFT 1902, it is arranged between an anode 1909 of the EL element 1903 and a current supply line 1907. 
As another constitution method, the N-channel type is used for the EL driving TFT 1902, and it can also be arranged 
between a cathode 1 91 0 of the EL element 1 903 and a cathode electrode 1 908. However, since the grounded source 
is excellent for the operation of a TFT, and in view of the restriction in the manufacture of the EL element 1903, a 
system is generally often adopted, in which the P-channel type is used for the EL driving TFT 1902 and as shown in 

-« FIG. 29B, the EL driving TFT 1 902 is arranged between the anode 1 909 of the EL element 1 903 and the current supply 
line 1 907. Reference numeral 1 904 designates a storage capacitor for holding a signal (voltage) inputted from a source 
signal line 1906. Although one terminal of the slorage capacitor 1 904 in FIG. 29B is connected to the current supply 
line 1907, there is also a case where a dedicated wiring line is used. A gate electrode of the switching TFT 1901 is 
connected to a gate signal line 1 905, one of a source region and a drain region is connected to the source signal line 

50 1 906, and the other is connected to a gate electrode of the EL driving TFT. 

[0020] Next, the operation of a circuit of an active matrix type EL display device will be described with reference to 
FIGS. 29A and 29B. First, when the gate signal line 1905 is selected, a voltage is applied to the gate electrode of the 
switching TFT 1901 , and the switching TFT 1901 comes to have a conductive state. Then, the signal (voltage) of the 
source signal line 1906 is inputted to the storage capacitor 1904. Since the voltage of the storage capacitor 1904 

55 becomes a voltage V GS between the gate and source of the EL driving TFT 1 902, a current corresponding to the voltage 
of the storage capacitor 1904 flows through the EL driving TFT 1902 and the EL element 1903. As a result the EL 
element 1903 lights up. 

[0021] The brightness of the EL element 1903, that is, the amount of current flowing through the EL element 1903 
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is controlled by the voltage V GS of the EL driving TFT 1 902 The voltage V GS is the voltage of the storage capacitor 
1904, and is the signal (voltage) inputted to the source signal line 1906. That is, by controlling the signal (voltage) 
inputted to the source signal line 1 906. the brightness of the EL element 1 903 is controlled. Finally, the gate signal line 
1905 is made to have the non-selected state, the gate of the switching TFT 1901 is closed, and the switching TET 
5 1901 is made to have the non-conduction state. At that time, the electric charge stored in the storage capacitor 1904 
is held. Thus, the voltage V GS of the EL driving TFT 1 902 is held as it is, and the current corresponding to the voltage 
V GS continues flowing through the EL driving TFT 1902 to the EL element 1903. 

[0022] The driving of the EL element etc. is reported in SID99 Digest: P372: "Current Status and future of Light- 
Emitting Polymer Display Driven by Poly-Si TFT", ASIA DISPLAY98: P217: "High Resolution Light Emitting Polymer 
10 Display Driven by Low Temperature Polysilicon Thin Film Transistor with Integrated Driver", Euro Display99 Late News: 
P27: "3.8 Green OLED with Low Temperature Poly-Si TFT", and the like. 

[0023] In the conventional portable information apparatus as described above, in the case where the incorporated 
display device displays an image, even if the image is a still image, data of the same picture continues to be transmitted 
to the display device 60 times per second. That is, in FIG. 15, the portions (the picture signal processing circuit 1507 
in the CPU 1 506, the VRAM 1511, the EL controller 1512, the source signal line driving circuit and the gate signal line 
driving circuit of the EL display device 1513, the pen input tablet 1 501 , the detection circuit 1 502, and the tablet interface 
1518) surrounded by dotted lines continue the operation as long as the image is displayed. Further, in FIG. 16, the 
portions (the picture signal processing circuit 1 607 in the CPU 1 606, the VRAM 1 61 1 , the EL controller 1612, the source 
signal line driving circuit and the gale signal line driving circuit of the EL display device 1613, the keyboard 1601 , and 
20 the keyboard interface 1618) surrounded by dotted lines continue the operation as long as the image is displayed. 

[0024] Here ; in some of the passive matrix type display devices having a small number of pixels, a driver IC of a 
display device or a controller has a built-in memory circuit, and a VRAM is stopped. However, in the display device 
using a large number of pixels, such as an active matrix type display device, to incorporate a memory circuit in a driver 
or a controller is impractical in view of the chip size. Thus, in the conventional portable information apparatus, oven in 
25 the case where a still picture is displayed, many circuits must continue the operation, which prevents the reduction in 
consumed electric power. 

[0025] Further, in a mobile instrument, reduction in consumed electric power is greatly desired. Further, in the mobile 
instrument, in spite of the fact that it is mostly used in a still picture mode (still picture is continuously displayed), since 
the driving circuit continues the operation even at the time of displaying the still picture as described above, this is an 
30 obstacle to the reduction in consumed electric power. 

SUMMARY OF THE INVENTION 

[0026] An object of the present invention is therefore to reduce consumed electric power of a driving circuit at the 
35 time of displaying a still picture in an instrument desired to reduce consumed electric power, such as a portable infor- 
mation terminal or a portable telephone. 

[0027] In order to achieve the above object, the present invention adopts the following means. 

[0028] A plurality of memory circuits are disposed in a pixel of a display device incorporated in a portable information 

apparatus, and digital signals are stored in each pixel. In the case of a still picture, when writing is once carried out, 
40 thereafter, since information written in the pixel is the same, even if the input of a signal is not carried out for each 

frame, the still picture can be continuously displayed by reading out the signals. stored in the memory circuits. 

[0029] That is, when the still picture is displayed, after a processing operation of signals for at least one frame is 

carried out, a source signal line driving circuit, an image signal processing circuit and the like can be stopped, and 

accordingly, power consumption can be greatly reduced. 
45 [0030] Hereinafter, the structures of a portable information apparatus of the present invention will be described. 

[0031] According to the present invention, there is provided a portable information apparatus having an EL display 

device, characterized in thai: 

the EL display device includes a plurality of pixels; 
50 each of the plurality of pixels includes a plurality of memory circuits and a D/A converter. 

[0032] According to the present invention, there is provided a portable information apparatus having an EL display 
device, characterized in that; 

55 the EL display device includes a plurality of pixels; 

each of the plurality of pixels includes n (n is a natural number not less than 2) memory circuits and a D/A converter 
for converting digital signals stored in the n memory circuits into an analog signal. 
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[0033] According to the present invention, there is provided a portable information apparatus having an EL display 
device, characterized in that; 

the EL display device includes a plurality of pixels and a power supply line; 
5 each of the plurality of pixels includes a TFT to a gate electrode of which an analog signal is inputted, and an EL 

element; 

one of a source region and a drain region of the TFT is connected to the power supply line and the other is connected 
to the El element; 

each of the plurality of pixels includes n (n is a natural number not less than 2) memory circuits and a D/A converter 
10 for converting digital signals stored in the n memory circuits into the analog signal. j 

[0034] According to the present invention, there is provided a portable information apparatus having an EL display 
device, characterized in that: 

15 the EL display device includes a plurality of pixels and a power supply line; 

each of the plurality of pixels includes a TFT to a gate electrode of which an analog signal is inputted, and an EL 
element; 

one of a source region and a drain region of the TFT is connected to the power supply line and the other is connected 
to Lhe El element; 

20 each of the plurality of pixels includes n x m (n is a natural number not less than 2, m is a natural number not less 

than 2) memory circuits and a D/A converter for converting n-bit digital signals stored in the n x m memory circuits 
into the analog signal. 

[0035] According to the present invention, there is provided a portable information apparatus having an EL display 
25 device, characterized in that: 

the EL display device includes a plurality of pixels; 

each of the plurality of pixels includes a TFT to a gate electrode of which an analog signal is inputted, a power 
supply line, and an EL element; 
30 one of a source region and a drain region of the TFT is connected to the power supply line and the other is connected 

to the El element; 

each of the plurality of pixels includes n x m (n is a natural number not less than 2, m is a natural number not less 
than 2) memory circuits and a D/A converter for converting n-bit digital signals stored in the n x m memory circuits 
into the analog signal; 
35 each of the plurality of pixels stores the digital signals for m frames. 

[0036] A portable information apparatus may have a feature such that the EL display device includes a source signal 
line, and the memory circuits and the D/A converter are disposed to overlap with the source signal line. 
[0037] A portable information apparatus may have a feature such that the EL display device includes a gate signal 
40 line, and the memory circuits and the D/A converter are disposed to overlap with the gate signal line. 

[0038] According to the present invention, there is provided a portable information apparatus having an EL display 
device, characterized in that: 

the EL display device includes a plurality of pixels; 
45 each of the plurality of pixels includes an EL element; 

each of the plurality of pixels includes a source signal line, n (n is a natural number not less than 2) gate signal 

lines, a power supply line, n first TFTs, n memory circuits, a second TFT, and a D/A converter; 

each of gate electrodes of the n first TFTs is connected to any different one of the n gate signal lines, one of a 

source region and a drain region is connected to the source signal line, and the other is connected to any different 
so one of input terminal of the n memory circuits; 

each of output terminals of the n memory circuits is connected to an input terminal of the D/A converter; 

an output terminal of the D/A converter is connected to a gate electrode of the second TFT; 

one of a source region and a drain region of the second TFT is connected to the power supply line, and the other 
is connected to the EL element 

55 

[0039] According to the present invention, there is provided a portable information apparatus having an EL display 
device, characterized in that: 
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the EL display device includes a plurality of pixels; 
each of the plurality of pixels includes an EL element; 

each of the plurality of pixels includes n source signal lines (n is a natural number not less than 2) : a gate signal 
line, a power supply line, n first TFTs, n memory circuits, a second TFT and a D/A converter; 
5 each of gate electrodes of the n first TFTs is connected to the gate signal line, one of a source region and a drain 

region is connected to any different one of the n source signal lines, and the other is connected to any different 
one of input terminal of the n memory circuits; 

each of output terminals of the n memory circuits is connected to an input terminal of the D/A converter; 
an output terminal of the D/A converter is connected to a gate electrode of the second TFT; 
10 one of a source region and a drain region of the second TFT is connected to the power supply line, and the other 

is connected to the EL element. 

[0040] A portable information apparatus may have a feature such that the EL display device includes a source signal 
line driving circuit, and the source signal line driving circuit includes shift registers, first latch circuits for holding n-bit 
'5 digital signals by sampling pulses from the shift registers, second latch circuits to which the n-bit digital signals held in 
the first latch circuits are transferred, and switches for sequentially selecting one bit by one bit the n-bit digital signals 
transferred to the second latch circuits to input them to the source signal line. 

[0041] A portable information apparatus may have a feature such that the EL display device includes a source signal 
line driving circuil, and the source signal line driving circuit includes shifl registers, first latch circuits for holding one- 
20 bit digital signals by sampling pulses from the shift registers, and second latch circuits to which the one-bit digital signals 
held in the first latch circuits are transferred. 

[0042] A portable information apparatus may have a feature such that the EL display device includes a source signal 
line driving circuit, and the source signal line driving circuit includes shift registers, and latch circuits for holding n-bit 
digital signals by sampling pulses from the shift registers. 
25 [0043] A portable information apparatus may have a feature such that the EL display device includes a source signal 
line driving circuit, and the source signal line driving circuit includes shift registers, latch circuits for holding n-bit digital 
signals by sampling pulses from the shift registers, and n switches for inputting the n-bit digital signals held in the latch 
circuits to the n source signal lines. 

[0044] A portable information apparatus may have a feature such that the memory circuit is a memory selected from 
30 the group consisting of a static memory (SRAM), a ferroelectric memory (FRAM) and a dynamic memory (DRAM). 
[0045] A portable information apparatus may have a feature such that the memory circuits are formed on a substrate 
selected from the group consisting of a glass substrate, a plastic substrate, a stainless substrate, and a single crystal 
wafer. 

[0046] A portable information apparatus may have a feature such that the portable information apparatus is one 
35 selected from the group consisting of a portable telephone, a personal computer, a navigation system, a PDA, and an 
electronic book. 

[0047] According to the present invention, there is provided a method of driving a portable information apparatus 
incorporating an EL display device including a plurality of pixels, the method having the steps of: 

40 storing digital signals in a plurality of memory circuits included in each of the plurality of pixels; 

reading out the stored digital signals repeatedly; 

converting the repeatedly read digital signals into corresponding analog signals; 
inputting the analog signals to an EL element. 

45 [0048] A method of driving a portable information apparatus may have a feature such that the plurality of pixels are 
arranged in a matrix form, and only the stored digital signals of the plurality of memory circuits included in a pixel at a 
specific row or a pixel at a specific column among the plurality of pixels are rewritten. 

[0049] According to the present invention, there is provided a method of driving a portable information apparatus 
incorporating an EL display device including a plurality of pixels and a source signal line driving circuit for inputting 
50 picture signals to the plurality of pixels, the method having the steps of: 

storing digital signals in a plurality of memory circuits included in each of the plurality of pixels; 
reading out the stored digital signals repeatedly; 

converting the repeatedly read digital signals into corresponding analog signals; 
55 inputting the analog signals to an EL element; 

stopping an operation of the source signal line driving circuit. 

[0050] According to the present invention, there is provided a method of driving a portable information apparatus 
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Including an EL display device and a CPU, characterized in that: 

the EL display device includes a plurality of pixels and a first crrcuit for outputting signals to the plurality of pixels: 
the CPU includes a second circuit for controlling the first circuit; 
5 digital signals are stored in a plurality of memory circuits included in each of the plurality of pixels; 

the stored digital signals are repeatedly read out; 

the repeatedly read digital signals are converted into corresponding analog signals; 
the signals are inputted to an EL element; 
an operation of the second circuit is stopped. 

10 

[0051] According to the present invention, there is provided a method of driving a portable information apparatus 
incorporating an EL display device including a plurality of pixels, and a VRAM, characterized in that: 

digital signals are stored in a plurality of memory circuits included in each of the plurality of pixels; 
is the stored digital signals are repeatedly read out; 

the repeatedly read digital signals are converted into corresponding analog signals; 
the analog signals are inputted to an EL element; 
a data readout operation of the VRAM is stopped. 

20 [0052] A method of driving a portable information apparatus may have a feature such that one readout operation is 
carried out for one frame period in the plurality of memory circuits. 

[0053] A method of driving a portable information apparatus may have a feature such that the memory circuit is a 
memory selected from the group consisting of a static memory (SRAM), a ferroelectric memory (FRAM) and a dynamic 
memory (DRAM). 

25 [0054] A method of driving a portable information apparatus may have a feature such that the memory circuits are 
formed on a substrate selected from the group consisting of a glass substrate, a plastic substrate, a stainless substrate, 
and a single crystal wafer. 

[0055] A method of driving a portable information apparatus may have a feature such that the portable information 
apparatus is one selected from the group consisting of a portable telephone, a personal computer, a navigation system, 
30 a PDA, and an electronic book. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0056] In the accompanying drawings: 

35 

FIG. 1 is a block diagram of a portable information terminal of the present invention including a plurality of memory 
circuits in its inside; 

FIG. 2 is a block diagram of a portable telephone of the present invention including a plurality of memory circuits 
in its inside; 

FIGS. 3A and 3B are views showing timing charts for carrying out a display by using pixels of an EL display device 
of a portable information apparatus of the present invention; 

FIG. 4 is a circuit diagram of a memory circuit included in a pixel of an EL display device included in a portable 
information apparatus of the present invention; 

FIG. 5 is a view showing a circuit structural example of a source signal line driving circuit having no second latch 
circuit; 

FIG. 6 is a detailed circuit diagram of a pixel of an EL display device of a portable information apparatus of the 
present invention, which is driven by the source signal line driving circuit of FIG. 5; 

FIGS. 7A and 73 are views showing timing charts for carrying out a display by using the circuits shown in FIGS. 
5 and 6; 

FIG. 8 is a view showing a structure of a D/A converter of an EL display device of a portable information apparatus 
of the present invention; 

FIG. 9 is a view showing a structure of a D/A converter of an EL display device of a portable information apparatus 
of the present invention; 

FIGS. 10A to 10C are views showing an example of a fabricating process of an EL display device of a portable 
information apparatus of the present invention; 

FIGS 1 1 A to 11 C are views showing the example of the fabricating process of the EL display device of the portable 
information apparatus of the present invention; 

FIGS. 12A and 12B are views showing the example of the fabricating process of the EL display device of the 
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portable information apparatus of the present invention; 

FIG. 13 is a view for schematically showing the whole circuit structure of an EL display device of a conventional 
portable information apparatus; 

FIG. 1 4 is a view showing a circuit structural example of a source signal line driving circuit of the EL display device 
5 of the conventional portable information apparatus; 

FIG. 15 is a block diagram of a conventional portable information terminal; 
FIG. 16 is a block diagram of a conventional portable telephone; 

FIG. 1 7 is a view showing a circuit structural example of a source signal line driving circuit having no second latch 
circuit; 

10 FIGS. 18A and 18B are views showing timing charts for carrying out a display by using the circuit shown in FIG. 1 7; 

FIGS. 19A to 19C are a top view and sectional views of an EL display device of a portable information apparatus 
of the present invention; 

FIG. 20 is a view showing a structure of a D/A converter of an EL display device of a portable information apparatus 
of the present invention; 

15 FIG. 21 is a view showing a structure of a D/A converter of an EL display device of a portable information apparatus 

of the present invention; 

FIG. 22 is a view showing a circuit structural example of a source signal line driving circuit including latch circuits 
for one bit processing; 

FIG. 23 is a view showing an example of a gate signal line driving circuil using a decoder; 
20 FIG. 24 is a view showing a structure of a pixel of an EL display device of a portable information apparatus of the 

present invention; 

FIG. 25 is a view showing a circuit structural example of a source signal line driving circuit; 
FIG. 26 is a block diagram of a transmit-receive portion of a portable telephone; 

FIGS. 27A and 27B arc views showing application examples of a portable information apparatus of the present 
^5 invention; 

FIGS. 28A to 28C are views showing application examples of a portable information apparatus of the present 
invention; 

FIGS. 29A and 29B are views showing a structural example of a pixel portion of a conventional active matrix type 
EL display device; 

30 FIG. 30 is a top view of a pixel of an EL display device of a portable information apparatus of the present invention; 

FIG. 31 is a view showing an example of a portable information terminal of the present invention: 

FIG. 32 is a view showing an example of the portable information apparatus of the present invention; 

FIG. 33 is a view showing an example of the portable information apparatus of the present invention; 

FIG. 34 is a view showing characteristics of an EL material using phosphorescence from a triplet excitation; 
35 FIG. 35 is a view showing a structure of a pixel of an EL display device of a portable information apparatus of the 

present invention; 

FIG. 36 is a view showing a structure of a pixel of an EL display device of a portable information apparatus of the 
present invention; and 

FIG. 37 is a view showing a structure of a pixel of an EL display device of a portable information apparatus of the 
40 present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0057] An embodiment mode of the invention will be described below. 

45 [0058] First, a display device included in a portable information apparatus of the present invention will be described. 
[0059] FIG. 1 shows a structure of the present invention. In the present invention, in the case where a still picture is 
displayed, picture signals are stored in memory circuils in the inside of a pixel of a display device 2413, and the stored 
picture signals are called, so that a display is carried out. Thus, a picture signal processing circuit 2407 in inner circuits 
of a CPU 2406, a VRAM 2411 , a source signal line driving circuit in the display device 2413, which are conventionally 

50 operated, can be stopped. 

[0060] Hereinafter, the contents will be specifically described. In the case where an input from a pen input tablet 
2401 is not made for a certain time, or a signal input to cause a picture display to be changed is. not made for a certain 
time from an external interface port 2405, the CPU 2406 judges that a mode is a still picture mode. In the case where 
the CPU 2406 makes such judgement, the CPU 2406 carried out an operation as described below. The source signal 

55 line driving circuit of the display device 2413 is stopped through an EL controller 2412. Specifically, supply of a start 
pulse, a clock signal and a picture data signal to the source signal line driving circuit is stopped, so that the operation 
of the source signal line driving circuit can be stopped. At this time, the gate signal line driving circuit is not stopped, 
but receives signals and executes an operation to send data of the memory circuits to the EL driving TFT. 
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[0061 ] Like this, in the case where readout of the signals held in the memory circuits is carried out by using the gate 
signal line driving circuit, the EL controller 2412 continues to supply a clock signal, a start pulse, and the like to the 
gate signal line driving circuit, and the gate signal line driving circuit continues the operation. 

[0062] Since the gate signal line driving circuit is generally driven at a frequency of 1/100 or less as compared with 
5 the source signal line driving circuit even if the operation is not stopped, consumed electric power does not become 
problematic. Of course , the gate signal line driving circuit may be stopped. By the operation like this, the display device 
2413 stops only the source signal line driving circuit or both the signal line driving circuits of the source signal line 
driving circuit and the gate signal line driving circuit, and carries out a display 

[0063] Next the CPU 2406 stops the picture signal processing circuit 2407 in the CPU 2406 and the VARM 2411 . 
to As described above, since the display device 2413 carries out a display by using the picture data stored in the inner 
memory circuits, it is not necessary to newly send picture data to the display device. Thus, it does not matter if the 
picture signal processing circuit 2407, the VARM 2411 and the like which generate and process picture data do not 
operate. 

[0064] That is, it is possible to stop the operation of the picture signal processing circuit 2407, the VARM 2411 and 
15 the like. 

[0065] From the above, reduction in electric power of the inside of the CPU 2406, reduction in electric power of the 
VRAM 2411 , and reduction in electric power of the source signal line driving circuit can be achieved. 
[0066] When the EL display device displays a still picture, in the case where an input is made to the pen input tablet 
2401 , and an image displayed by the EL display device is changed according to a picture signal corresponding to this 

20 input, instructions to change display contents are issued from a detection circuit 2402 of the pen input tablet through 
a tablet interface 241 8 to the CPU 2406, and the CPU 2406 operates the VRAM 241 1 and the picture signal processing 
circuit 2407 which were stopped. Then, a start pulse, a clock signal, and picture data are supplied to the source signal 
line driving circuit of the display device 2413 by the EL controller2412, and the stopped source signal line driving circuit 
is operated, so that a now picture signal can be written into a pixel. 

25 [0067] Like this, in FIG. 1 , if the portions (the gate signal line driving circuit, the EL controller 2412, the pen input 
tablet 2401 , the detection circuit 2402, and the tablet interface 241 8) surrounded by dotted lines operate, the portable 
information terminal continues to display a still picture. 

[0068] FIG. 2 shows an example of a portable telephone using the present invention. The outline of the operation is 
substantially equal to that of the portable information terminal of FIG. 1 . The difference between the portable telephone 
30 and the portable information terminal is that in the portable telephone, an input is made through a keyboard 2501 and 
inputted information is inputted to a CPU 2506 through a keyboard interface 251 8 : and information inputted to an 
antenna through a communication system of a telephone company is subjected to amplification and the like by a 
transmit-receive circuit 2515, and then, it is inputted to the CPU 2506. 

[0069] In the case where a still picture is displayed, similarly to the foregoing portable information terminal, a picture 
35 signal processing circuit 2507, a VRAM 251 1 , a source signal line driving circuit, and the like can be stopped. 

[0070] Like this, in FIG. 2, if the portions (a gate signal line driving circuit, an EL controller 251 2, the keyboard 2501 , 
and the keyboard interface 2518) surrounded by dotted lines operate, the portable telephone continues to display the 
still picture. 

[0071 ] Next, a display device included in a portable information apparatus of the present invention will be described. 

40 [0072] FIG. 25 shows a structure of a source signal line driving circuit and some pixels in the display device including 
pixels having memory circuits. This circuit corresponds to a 3-bit digital gradation signal, and includes shift register 
circuits 201 , first latch circuits 202, second latch circuits 203, bit signal selection switches 204, and pixels 205. Refer- 
ence numeral 210 designates a signal supplied from a gate signal line driving circuit or directly from the outside, and 
is described later together with the description of the pixel. 

45 [0073] FIG. 24 shows a circuit structure of the pixel 205 in FIG. 25 in detail. This pixel corresponds to 3-bit digital 
gradation, and includes an EL element (114), a storage capacitor (Cs), memory circuits (105 to 107), a D/A converter 
(D/A: 1 1 1 ), an EL driving TFT (115), a power supply line (112), and the like. Reference numeral 101 designates a source 
signal line; 102 to 104, writing gate signal lines; and 108 to 110, writing TETs. 

[0074] FIGS. 3A and 3B are timing charts in the display device shown in FIG. 24. The display device corresponds 
so to a 3-bit digital gradation signal, and is for VGA. A driving method will be described with reference to FIGS. 3, 24 and 
25. Note that, the characters in FIGS. 3, 24 and 25 are used as they are (drawing number is omitted). 
[0075] Reference will be made to FIG. 25 and FIGS. 3A and 3B. In FIG. 3A, respective frame periods are denoted 
by a, p and y, and the description will be given. First, the circuit operation in the frame period a will be described. 
[0076] Similarly to the case of the conventional digital system driving circuit, clock signals (S-CLK, S-CLKb) and a 
55 start pulse (S-SP) are inputted to the shift register circuits 201 , and sampling pulses are sequentially outputted. Sub- 
sequently, the sampling pulses are inputted to the first latch circuits 202 (LAT 1 ), which respectively hold digital signals 
(Digital Data) inputted to the same first latch circuits 202. This period is expressed as a dot data sampling period in 
this specification. The dot data sampling period for one horizontal period is each period indicated by 1 to 480 in FIG. 
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3A. The digital signal has 3 bits, D1 is the MSB (Most Significant Bit), and D3 is the LSB (Least Significant Bit). In the 
first latch circuits 202, when holding of the digital signals for one horizontal period is completed, in a retrace period, 
the digital signals held in the first latch circuits 202 are transferred to the second latch circuits 203 (LAT 2) all at once 
in accordance with the input of a latch signal (Latch Pulse). 
5 [0077] Subsequently, again ; in accordance with the sampling pulses outputted from the shift registers 201 , the holding 
operation of digital signals for a next horizontal period is carried out. 

[0078] On the other hand, the digital signals transferred to the second latch circuits 203 are written into the memory 
circuits arranged in the pixels. As shown in FIG. 3B, a next line dot data sampling period is divided into three periods 
I, II and III, and the digital signals held in the second latch circuits are outputted to the source signal lines. At this time, 
10 they are selectively connected by the bit signal selection switch 204 so that the signal of each bit is successively 
outputted to the source signal line. 

[0079] In the period I, a pulse is inputted to the writing gate signal line 102, the TFT 108 is turned on, and the digital 
signal is written into the memory circuit 1 05. Subsequently., in the period II, a pulse is inputted to the writing gate signal 
line 103 : the TFT 109 is turned on, and the digital signal is written into the memory circuit 106. Finally, in the period III, 
is a pulse is inputted to the writing gate signal line 104, the TFT 110 is turned on, and the digital signal is written into the 
memory circuit 107. 

[0080] Here., the processing of the digital signals for one horizontal period is completed. The period of FIG. 3B is a 
period indicated by the mark in FIG. 3A. The above operation is carried out to the final stage, so that the digital 
signals for one frame are written into the memory circuits 105 to 107. 
20 [0081] The written digital signals are converted into analog signals by the D/A converter 111 , and are inputted to the 
gate electrode of the EL driving TFT 115. Electric current corresponding to the analog signal is inputted to the EL 
element 114 from the power supply line 112 through the EL driving TFT 115. In this way. the brightness of the EL 
element 114 is changed and the gradation is displayed. Here : since three bits are used, eight stages of 0 to 7 can be 
obtained for the brightness. 

25 [0082] The above operation is repeated, and a display of an image is continuously carried out. Here, in the case 
where a still picture is displayed, after the digital signals are once stored in the memory circuits 1 05 to 1 07 by the first 
operation, the digital signals stored in the memory circuits 105 to 107 have only to be read out repeatedly in the 
respective frame periods. 

[0083] The operation in which the digital signals stored in the memory circuits are repeatedly read out and are con- 
30 verted into analog signals by the D/A 111 in each frame period, may be controlled by using a DAC controller. 

[0084] Otherwise, the output of each of the memory circuits is inputted to the D/A 111 through a reading TFT (not 
shown). By turning on and off the reading TFT, the digital signals stored in the memory circuits may be repeatedly read 
out in each frame period. 

[0085] At this time, an operation for inputting a signal to the reading gate signal line (not shown) to which the gate 
35 electrode of the reading TFT is connected is carried out by using a reading gate signal line driving circuit (not shown). 
[0086] Accordingly, in the period when the still picture is displayed, driving of the source signal line driving circuit can 
be stopped in the EL display device. 

[0087] Further, writing of the digital signals into the memory circuits or reading of the digital signals from the memory 
circuits can be carried out in the unit of one gate signal line. That is, it is also possible to adopt such a display method 

40 that the source signal line driving circuit is made to operate only for a short time, and only a part of a screen is rewritten. 
[0088] Further, in this embodiment mode, although one pixel includes three memory circuits and has the function to 
store the 3-bit digital image signals for only one frame, the present invention is not limited to this number. That is, in 
order to store n-bit (n is a natural number not less than 2) digital image signals for only m (m is a natural number not 
less than 2) frames, one pixel has only to include n x m memory circuits. 

45 [0089] As described above, the digital signals are stored by using the memory circuits mounted in the pixel, and 
when a still picture is displayed, the digital image signals stored in the memory circuits are repeatedly used in the 
respective frame periods. In this way, the still picture can be continuously displayed without driving the source signal 
line driving circuit. Thus, the invention can greatly contribute to reduction in consumed electric power of the EL display 
device. 

50 [0090] Further, with respect to the source signal line driving circuit, in view of the problem of the arrangement of latch 
circuits and the like which are increased in accordance with the number of bits, it is not always necessary to integrally 
form the circuit on the insulator, but a part thereof or all may be constructed externally. 

[0091] Further, in the source signal line driving circuit described in this embodiment mode, although the latch circuits 
corresponding to the number of bits are arranged, it is also possible to arrange the latch circuit for only one bit and to 
55 make it operate. In this case, digital signals from the upper bit to the lower bit have only to be serially inputted to the 
latch circuit.' 

[0092] In the present invention, as described above, rewriting of signals in the unit of one gate signal line is also 
enabled. In this case, it is desirable to use a decoder as the gate signal line driving circuit. FIG. 23 shows an example 
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in which the decoder is used as the gate signal line driving circuit. 

[0093] In the case where the decoder is used, a circuit disclosed in Japanese Patent Application Laid-open No. Hei 
8-1 01 669 may be used. 

[0094] Further, this is also used for the source signal line driving circuit, and partial rewriting can be made. 
5 [0095] By the structure like this, in the portable information apparatus of the present invention, parts, which continue 
to operate in the display of a still picture, can be decreased and the consumed electric power can be reduced. 
[0096] Hereinafter, embodiments of the present invention will be described. 

[Embodiment 1] 

[0097] In this embodiment, an example will be given in which the memory circuits and the D/A converters in the 
circuit of the pixel portion of the EL display device included in the portable information apparatus of the present invention 
described in this embodiment mode are specifically constructed by using transistors and the like, and the operation 
will be described. 

is [0098] FIG. 8 shows an example similar to the pixel shown in FIG. 24, and the D/A converter 111 is actually con- 
structed by circuits. As the D/A converter 111 , a system for selecting a plurality of gradation voltage lines is used. Note 
that, the same portions as those of FIG. 24 are designated by the same characters. 

[0099] In the case where a 3-bit digital signal is processed, there are eight gradation voltage lines and they are 
respectively connected to switch TFTs. Outputs from memory circuits 105 to 107 selectively drive the switch TFTs 
20 through a decoder. By this operation, gradation voltages corresponding to the digital signals inputted from the memory 
circuits are inputted to a gate electrode of an EL driving TFT 115. 

[0100] In the drawing, in the characters given to the respective portions, the same portions as those of FIG. 24 are 
given the same numbers as FIG. 24. Writing selection TFTs 1 08 to 1 1 0 are respectively provided for the memory circuits 
105 to 107, and control is made through memory circuit selecting signal lines (writing gate signal lines) 102 to 104. 
25 [0101] Note that, in FIG. 8, the output from each of the memory circuits 105 to 107 is constituted by a signal stored 
in the memory circuit and an inversion signal of the signal. 

[0102] FIG. 4 shows an example of the memory circuit. A portion indicated by a dotted line frame 450 is the memory 
circuit (respective portions indicated by 105 to 107 in FIG. 8), and reference numeral 451 designates the writing TFT 
(respective portions indicated by 108 to 110 in FIG. 8). In the memory circuit 450 shown here, although a static memory 

30 (Static RAM: SRAM) using a flip-flop is used, the memory circuit is not limited to this structure. 

[0103] The circuit shown in FIG. 8 in this embodiment can be driven in accordance with the timing charts shown in 
FIGS. 3A and 3B in this embodiment mode. The circuit operation, together with an actual driving method of the memory 
circuit selection portion (writing TFTs 108 to 110), will be described with reference to FIGS. 3A and 3B and FIG. 8. Note 
that, the respective characters in FIGS. 3A and 3B and FIG. 8 are used as they are (drawing number is omitted). 

35 [0104] Reference will be made to FIGS. 3A and 3B. In FIG. 3A, the respective frame periods are denoted by a, p, 
and 7, and the explanation will be given. First, the circuit operation in the frame period a will be described. 
[0105] Since a driving method from the shift register circuits to the second latch circuits is the same as that shown 
in this embodiment mode, the method follows that. 

[0106] In the period I, a pulse is inputted to the writing gate signal line 102, the TFT 108 is turned on, and the digital 
40 image signal is written into the memory circuit 1 05. Subsequently, in the period II , a pulse is inputted to the writing gate 
signal line 103, the TFT 109 is turned on, and the digital image signal is written into the memory circuit 106. Finally, in 
the period III, a pulse is inputted to the writing gate signal line 104, the TFT 110 is turned on, and the digital image 
signal is written into the memory circuit 1 07. 

[0107] Here, the processing of the digital image signals for one horizontal period is completed. The period of FIG. 
45 3B is a period indicated by the mark & in FIG. 3A. The above operation is carried out to the final stage, so that the 
digital image signals for one frame are written into the memory circuits 105 to 107. 

[0108] The written digital signals are converted into analog signals by the D/A converter 1 1 1 and are inputted to the 
gate electrode of the EL driving TFT 115. Current corresponding to the analog signal is inputted to an EL element 114 
from a power supply line 112 through the EL driving TFT 115. In this way, the brightness of the EL element 114 is 
so changed and the gradation is expressed. Here, since the 3-bit digital signal is inputted, eight stages of 0 to 7 can be 
obtained for the brightness. 

[0109] In the manner as described above, a display for one frame period is carried out. On the other hand, at the 
side of the driving circuit, the processing of digital image signals of a next frame period is carried out at the same time. 
[0110] The above procedure is repeated, and a display of an image is carried out. Note that, in the case where a 
55 still picture is displayed, after writing of the digital image signals of a certain frame into the memory circuits is completed, 
the source signal line driving circuit is stopped, the signals stored in the same memory circuits are read out for each 
frame, and a display is carried out. 

[0111] At this time, although not shown in FIG. 8, the output of each of the memory circuits of each pixel is inputted 
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to the D/A circuit through a reading TFT and by operating the reading TFT : the signals of the memory circuits can be 
repeatedly read out for each frame period. A circuit of a well-known structure can be freely used for a circuit for operating 
the reading TFT. 

[0112] Further, a signal inputted to the memory circuit is always inputted to the D/A circuit, and a corresponding 
5 analog signal is outputted to a liquid crystal element, so that a still picture can also be displayed. In this case ; till the 
writing TFT is selected and information is newly written into the memory circuits, the pixel continues the display at the 
same brightness. In this driving method, the foregoing reading TFT and the like are not necessary. 
[01 13] By the method like this, the consumed electric power during the display of a still picture can be greatly reduced. 

10 [Embodiment 2] 

[0114] In this embodiment, a description will be given of an example in which writing into memory circuits of a pixel 
portion is carried out in dot sequence, so that second latch circuits of a source signal line driving circuit are omitted. 
[0115] Fig. 5 shows a structure of a source signal line driving circuit and some pixels in an EL display device using 
a pixel including memory circuits. This circuit corresponds to a 3-bit digital gradation signal, and includes shift register 
circuits 501 , latch circuits 502. and pixels 503. Reference numeral 51 0 designates a signal supplied from a gate signal 
line driving circuit or directly from the outside, and is described later together with the description of the pixel. 
[0116] Fig. 6 is a detailed view of a circuit structure of the pixel 503 shown in Fig. 5. Similarly to the embodiment 1 , 
this pixel corresponds to 3-bil digital gradation, and includes an EL element 614, a memory circuits (605 to 607) and 
a D/A converter (D/A: 611). Reference numeral 601 designates a source signal line for a first bit (MSB) signal; 602, a 
source signal line for a second bit signal; 603; a source signal line for a third bit (LSB) signal; 604. a writing gate signal 
line and 608 to 610, writing TFTs. 

[0117] Figs. 7A to 7C are timing charts with respect to the driving of the circuit shown in this embodiment. The 
description will be given with reference to Fig. 6 and Figs. 7A to 70. 

25 [01 18] The operation from the shift register circuits 501 to the latch circuits (LAT 1 ) 502 is carried out similarly to the 
mode for carrying out the invention and the embodiment 1 . As shown in Fig. 7B, when the latch operation at the first 
stage is ended, writing into the memory circuits of the pixel is immediately started. A pulse is inputted to the writing 
gate signal line 604, the writing TFTs 608 to 610 are turned on. The digital image signals for the respective bits held 
in the latch circuits 502 are simultaneously written through the three source signal lines 601 to 603. 

30 [0119] When the digital image signals held in the latch circuits is being stored into the memory circuits at the first 
stage, at the next stage, the digital image signals are held in the latch circuits in accordance with sampling pulses. In 
this way, writing into the memory circuits is sequentially carried out. 

[0120] The above operation is repeated till the last stage and thus one horizontal period is completed. 
[0121] This serial operation is repeated at all horizontal periods 1 to 480. 
35 [0122] Here, the display period of the first frame is completed. In the frame period , the processing of digital image 
signals in a next frame is carried out at the same time. 

[0123] The period shown by Fig. 7B is corresponding to the period indicated by%ZX in Fig. 7A. 
[01 24] According to repeating the above procedure, display of an image is carried out. Note that, in case of displaying 
a still image, after a digital signal of certain frame is written into a memory circuit, a source signal line driver circuit is 
40 stopped. A display is carried out by reading out the signal written into the memory circuit per a frame. By the above 
method, in displaying of still picture, the consumed electric power can be greatly reduced. Further, as compared with 
the circuit shown in the Embodiment mode, the number of latch circuits can be reduced 1/2, which contributes minia- 
turization of a device according to reduce space of circuit arrangement. 

^5 [Embodiment 3] 

[0125] In this embodiment, a description will be given of an example of an EL display device which uses a circuit 
structure of the EL display device in which the second latch circuits shown in Embodiment 2 are omitted, and uses a 
method of carrying out writing into memory circuits in a pixel by linear sequential driving. 

so [0126] FIG. 17 shows a circuit structural example of a source signal line driving circuit of an EL display device to be 
described in this embodiment. This circuit corresponds to a 3-bit digital gradation signal, and includes shift register 
circuits (SR) 1701, latch circuits (LAT1) 1702, switch circuits (SW) 1703, and pixels 1704. Reference numeral 1710 
designates a signal supplied from a gate signal line driving circuit or directly from the outside. Since the circuit structure 
of the pixel may be the same as that of Embodiment 2, reference will be made to FIG. 6 as it is. 

55 [01 27] FIGS. 1 8A and 1 8B are timing charts with respect to the driving of the circuit shown in this embodiment. The 
description will be given with reference to FIG. 6, FIG. 17 and FIGS. 18A and 18B. 

[0128] The operation in which sampling pulses are outputted from the shift register circuits 1 701 and digital signals 
are held in the latch circuits 1 702 in accordance with the sampling pulses, is the same as that of Embodiments 1 and 
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2. In this embodiment, since the switch circuits 1703 are provided between the latch circuits 1702 and the memory 
circuits in the pixels 1 704, even if holding of the digital signals in the latch circuits is completed, writing into the memory 
circuits is not immediately started. The switch circuits 1703 remain closed till a dot data sampling period is completed, 
and the latch circuits continue to hold the digital image signals. 

[0129] As shown in FIG. 18B : when the holding of the digital image signals for one horizontal period is completed, 
a latch signal (Latch Pulse) is inputted in a subsequent retrace period : the switch circuits 1703 are opened all at once, 
and the digital signals held in the latch circuits 1 702 are written into the memory circuits in the pixels 1 704 all at once. 
Since the operation in the pixels 1 704 with respect to the writing operation at this time, and the operation in the pixels 
1704 with respect to the reading operation at the time of display in a next frame period may be the same as those of 
Embodiment 2, the description is omitted here. 

[0130] The period shown in FIG. 1 8B corresponds to a period indicated by the mark -X: *■ in FIG. 18A. 

[0131] By the above method, even in the source signal line driving circuit in which the second latch circuits are 

omitted, the linear sequential writing drive can be easily made. 

[Embodiment 4] 

[0132] In this embodiment, an example of a pixel using a structure different from the D/A converter shown in FIG. 8 
will be given. FIG. 9 is a circuit diagram thereof. Note that, the same portions as those of FIG. 8 are designated by the 
same characters. 

[0133] Similarly to that shown in FIG. 8, although this system selects gradation voltage lines, in FIG. 8, the number 
of elements is large, and an occupied area of the elements in a pixel becomes large. Thus, in FIG. 9 : switches are 
connected in series and are also used as decoders, so that the number of elements is decreased. 
[0134] Note that, in FIG. 9, the output from each of memory circuits 105 to 107 is constituted by a signal stored in 
the memory circuit and an inversion signal of the signal. 

[0135] This embodiment can be freely combined with Embodiments 1 to 3 and can be carried out. 
[Embodiment 5] 

[0136] In this embodiment, an example of a pixel using a structure different from the D/A converter shown in FIG. 8 
or 9 will be described. FIG. 20 is a circuit diagram thereof. Note that, the same portions as those of FIGS. 8 and 9 are 
designated by the same characters. 

[0137] In the D/A converter shown in FIG. 8 or 9, since the gradation voltage lines are used, it becomes necessary 
to provide wiring lines the number of which is equal to the number of gradations, and it is not suitable for realization of 
multi-gradation. Thus, in FIG. 20, a reference voltage is divided by a combination of capacitors C1 to C3, and a gradation 
voltage is formed. In such a capacitance division system, since a gradation is formed by the ratio of the capacitors C1 
to C3, a variety of gradations can be expressed. 

[0138] The D/A converter of the capacitance division system like this is disclosed in "AMLCD99 Digest of Technical 
Papers p29 to 32". 

[0139] This embodiment can be freely combined with Embodiments 1 to 3 and can be carried out. 
[Embodiment 6] 

[0140] In this embodiment, an example of a pixel using a D/A converter having a structure different from the D/A 
converters shown in FIG. 8, 9 and 20 will be described. FIG. 21 is a circuit diagram thereof. Note that, the same portions 
as those of FIGS. 8, 9 and 20 are designated by the same characters. 

[0141] FIG. 21 shows a D/A converter obtained by further simplifying the D/A converter of FIG. 20. In two electrodes 
or each of capacitors C1 to C3, the electrode not connected to an EL element is connected to V L at the time of reset 
and is connected to one of V H and V L at the time of non-reset, and the connection can be constructed by only a switch. 
[0142] Note that, in FIG. 21 . the output from each of the memory circuits 1 05 to 1 07 is constituted by a signal stored 
in the memory circuit and an inversion signal of the signal. 

[0143] This embodiment can be freely combined with Embodiments 1 to 3 and can be carried out. 
[Embodiment 7] 

[0144] In this embodiment, an example of a source signal line driving circuit having a structure different from that of 
FIG. 25 described in this embodiment mode, will be described. 

[0145] As shown in FIG. 22, latch circuits of a source signal line driving circuit for only one bit are included, and 
instead, the source signal line driving circuit is operated at a speed three times as fast, and data is inputted first bit 
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data, second bit data, and third bit data in the stated order to the source signal line driving circuit in one line period, 
so that the same effect as the source signal line driving circuit of FIG. 25 described in this embodiment mode can be 
obtained. 

[0146] Although this system requires an external circuit for exchanging the data in sequence, the source signal line 
5 driving circuit can be made small. 

[Embodiment 8] 

[0147] Note that a description is set forth regarding a step for fabricating TFTs for driver circuit (a source signal line 

10 driver circuit, a gate signal line driver circuit, or the like) provided in the pixel portion and periphery portion of the pixel 
portion of the EL display device of the portable information device of the present invention. For the simplicity of the 
explanation, a CMOS circuit is shown in figures, which is a fundamental structure circuit for the driver circuit portion. 
[0148] First, as shown in Fig. 10A, a base film 5002 made of an insulating film such as a silicon oxide film, a silicon 
nitride film, or a silicon oxynitride film, is formed on a substrate 5001 made of a glass such as barium borosilicate glass 

15 or aluminum borosilicate glass, typically a glass such as Corning Corp. #7059 glass or #1737 glass. For example, a 
lamination film of a silicon oxynitride film 5002a, manufactured from SiH 4 , NH 3 , and N 2 Q by plasma CVD, and formed 
having a thickness of 10 to 200 nm (preferably between 50 and 100 nm), and a hydrogenated silicon oxynitride film 
5002b, similarly manufactured from SiH 4 and N 2 0, and formed having a thickness of 50 to 200 nm (preferably between 
1 00 and 1 50 nm), is formed. A Lwo layer structure is shown for the base film 5002 in Embodiment 8, but a single layer 

20 film of the insulating film, and a structure in which more than two layers are laminated, may also be formed. 

[01 49] Island shape semiconductor layers 5003 to 5006 are formed by crystalline semiconductor films made from a 
semiconductor film having an amorphous structure, using a laser crystallization method or a known thermal crystalli- 
zation method. The thickness of the island shape semiconductor layers 5003 to 5006 may be formed from 25 to 80 
nm (preferably between 30 and 60 nm). There arc no limitations placed on the materials for forming a crystalline 

25 semiconductor film, but it is preferable to form the crystalline semiconductor films by silicon or a silicon germanium 
(SiGe) alloy. 

[0150] A laser such as a pulse oscillation type or continuous light emission type excimer laser, a YAG laser, or a 
YV0 4 laser can be used to fabricate the crystalline semiconductor films by the laser crystallization method. A method 
of condensing laser light emitted from a laser oscillator into a linear shape by an optical system and then irradiating 

^o the light to the semiconductor film may be used when these types of lasers are used. The crystallization conditions 
may be suitably selected by the operator but when using the excimer laser, the pulse oscillation frequency is set to 
30 Hz, and the laser energy density is set form 1 00 to 400 mJ/cm 2 (typically between 200 and 300 mJ/cm 2 ). Further, 
when using the YAG laser, the second harmonic is used and the pulse oscillation frequency is set from 1 to 10 kHz, 
and the laser energy density may be set from 300 to 600 mJ/cm 2 (typically between 350 and 500 mJ/cm 2 ). The laser 

35 light condensed into a linear shape with a width of 1 00 to 1 000 m, for example 400 m, is then irradiated over the entire 
surface of the substrate. This is performed with an overlap ratio of 80 to 98% for the linear laser light. 
[0151] A gate insulating film 5007 is formed covering the island shape semiconductor layers 5003 to 5006. The gate 
insulating film 5007 is formed of an insulating film containing silicon with a thickness of 40 to 150 nm by plasma CVD 
or sputtering. A 120 nm thick silicon oxynitride film is formed in Embodiment 8. The gate insulating film is not limited 

40 to this type of silicon oxynitride film, of course, and other insulating films containing silicon may also be used in a single 
layer or in a lamination structure. For example, when using a silicon oxide film, it can be formed by plasma CVD with 
a mixture of TEOS (tetraethyl orthosilicate) and 0 2 , at a reaction pressure of 40 Pa, with the substrate temperature 
set from 300 to 400°C, and by discharging at a high frequency (13.56 MHZ) electric power density of 0.5 to 0.8 W/cm 2 . 
Good characteristics as a gate insulating film can be obtained by subsequently performing thermal annealing, at be- 

45 tween 400 and 500°C, of the silicon oxide film thus manufactured. 

[0152] A first conductive film 5008 and a second conductive film 5009 are then formed on the gate insulating film 
5007 in order to form gale electrodes. The first conductive film 5008 is formed of a Ta film with a thickness of 50 to 
100 nm, and the second conductive film 5009 is formed of a W film having a thickness of 1 00 to 300 nm, in Embodiment 
8. 

50 [0153] The Ta film is formed by sputtering, and sputtering of a Ta target is performed by Ar. If appropriate amounts 
of Xe and Kr are added to Ar, the internal stress of the Ta film is relaxed, and film peeling can be prevented. The 
resistivity of an a phase Ta film is about 20 fxQcm, and it can be used in the gate electrode, but the resistivity of f* phase 
Ta film is about 180 uOcm and it is unsuitable for the gate electrode. The a phase Ta film can easily be obtained if a 
tantalum nitride film, which possesses a crystal structure similar to that of a phase Ta, is formed with a thickness of 

55 about 1 0 to 50 nm as a base for a Ta film in order to form the a phase Ta film. 

[01 54] The W film is formed by sputtering with a W target, which can also be formed by thermal CVD using tungsten 
hexafluoride (WF 6 ). Whichever is used, it is necessary to make the film become low resistance in order to use it as 
the gate electrode, and it is preferable that the resistivity of the W film be made equal to or less than 20 uX2cm The 
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resistivity can be lowered by enlarging the crystal grains of the W film, but for cases in which there are many impurity 
elements such as oxygen within the W film, crystallization is inhibited, thereby the film becomes high resistance. A W 
target having a purity of 99.9999% is thus used in sputtering. In addition, by forming the W film while taking sufficient 
care that no impurities from the gas phase are introduced at the time of film formation, the resistivity of 9 to 20 u,Qcm 
5 can be achieved. 

[0155] Note that, although the first conductive film 5008 is a Ta film and the second conductive film 5009 is a W film 
in Embodiment 8. both may also be formed from an element selected from the group consisting of Ta, W, Ti, Mo, Al, 
and Cu, or from an alloy material having one of these elements as its main constituent, and a chemical compound 
material. Further a semiconductor film, typically a polycrystalline silicon film into which an impurity element such as 

10 phosphorus is doped, may also be used. Examples of preferable combinations other than that used in Embodiment 8 
include: forming the first conductive film 5008 by tantalum nitride (TaN) and combining it with the second conductive 
film 5009 formed from a W film; forming the first conductive film 5008 by tantalum nitride (TaN) and combining it with 
the second conductive film 5009 formed from an Al film; and forming the first conductive film 5008 by tantalum nitride 
(TaN) and combining it with the second conductive film 5009 formed from a Cu film. 

is [0156] Then, mask 5010 are formed from resist, and a first etching treatment is performed in order to form electrodes 
and wirings. An ICP (inductively coupled plasma) etching method is used in Embodiment 8. A gas mixture of CF 4 and 
Cl 2 is used as an etching gas, and a plasma is generated by applying a 500 W RF electric power (13.56 MH 2 ) to a coil 
shape electrode at 1 Pa. A 1 00 W RF electric power (1 3.56 MH 2 ) is also applied to the substrate side (test piece stage), 
effectively applying a negative self-bias voltage. In case of mixing CF 4 and Cl 2 , the W film and the Ta film are etched 

20 to the approximately same level. 

[0157] Edge portions of the first conductive layer and the second conductive layer are made into a tapered shape 
in accordance with the effect of the bias voltage applied to the substrate side under the above etching conditions by 
using a suitable resist mask shape. The angle of the tapered portions is from 15 to 45° . The etching time may be 
increased by approximately 10 to 20% in order to perform etching without any residue remaining on the gate insulating 

25 fj|m. The selectivity of a silicon oxynitride film with respect to a W film is from 2 to 4 (typically 3), and therefore approx- 
imately 20 to 50 nm of the exposed surface of the silicon oxynitride film is etched by this over-etching process. First 
shape conductive layers 501 1 to 501 6 (first conductive layers 501 1 a to 501 6a and second conductive layers 501 1 b to 
5016b) are thus formed of the first conductive layers and the second conductive layers in accordance with the first 
etching process. Reference numeral 5007 denotes a gate insulating film, and the regions not covered by the first shape 

30 conductive layers 5011 to 5016 are made thinner by etching of about 20 to 50 nm. (Fig. 10B) 

[01 58] A first doping process is then performed, and an impurity element which imparts n-type conductivity is added. 
Ion doping or ion injection may be performed for the method of doping. Ion doping is performed under the conditions 
of a dose amount of from 1x10 13 to 5x1 0 14 atoms/cm 2 and an acceleration voltage of 60 to 1 00 keV. A periodic table 
group 15 element, typically phosphorus (P) or arsenic (As) is used as the impurity element which imparts n-type con- 

35 ductivity, and phosphorus (P) is used here. The conductive layers 501 1 to 5015 become masks with respect to the n- 
type conductivity imparting impurity element in this case, and first impurity regions 501 7 to 5025 are formed in a self- 
aligning manner. The impurity element which imparts n-type conductivity is added to the first impurity regions 5017 to 

5025 with a concentration in the range of 1x10 20 to 1x10 21 atoms/cm 3 . (Fig. 10B) 

[0159] A second etching process is performed next without removing a resist mask, as shown in Fig. 10C. The W 
*o film is etched selectively using a mixture of CF 4 , Cl 2 , and 0 2 as a etching gas. The second shape conductive layers 

5026 to 5031 (first conductive layers 5026a to 5031 a and second conductive layers 5026b to 5031b) are formed by 
second etching process. Reference numeral 5007 denotes a gate insulating film, and regions not covered by the second 
shape conductive layers 5026 to 5031 are additionally etched on the order of 20 to 50 nm, forming thinner regions. 
[0160] The etching reaction of a W film or a Ta film in accordance with a mixed gas of CF 4 and Cl 2 can be estimated 

45 from the radicals generated and from the ion types and vapor pressures of the reaction products. Comparing the vapor 
pressures of fluorides and chlorides of W and Ta, the W fluoride compound WF 6 is extremely high, and the vapor 
pressures of WCI 5) TaF 5 , and TaCl 5 are of similar order. Therefore the W film and the Ta film are both etched by the 
CF 4 and Cl 2 gas mixture. However, if a suitable quantity of 0 2 is added to this gas mixture, CF 4 and 0 2 react, forming 
CO and F, and a large amount of F radicals or F ions is generated. As a result, the etching speed of the W film having 

50 a high fluoride vapor pressure is increased. On the other hand, even if F increases, the etching speed of Ta does not 
relatively increase. Further, Ta is easily oxidized compared to W, and therefore the surface of Ta is oxidized by the 
addition of 0 2 . The etching speed of the Ta film is further reduced because Ta oxides do not react with fluorine and 
chlorine. Therefore, it becomes possible to have a difference in etching speeds between the W film and the Ta film, 
and it becomes possible to make the etching speed of the W film larger than that of the Ta film. 

55 [0161] A second doping process is then performed, as shown in Fig. 11 A. The dose amount is smaller than that of 
the first doping process in this case, and an impurity element which imparts n-type conductivity is doped under high 
acceleration voltage conditions. For example, doping performed with the acceleration voltage set from 70 to 120 keV, 
and a dose amount of 1 x1 0 13 atoms/cm 3 , and a new impurity region is formed inside the first impurity region is formed 



15 

iDOClD: <EP 1182636A2_I_> 



EP1 182 636 A2 



inside the first impurity region formed in the island shape semiconductor layers of Fig. 1 0B. The second conductive 
layers 5026 to 5030 are used as masks with respect to the impunity element, and doping is performed so as to also 
add the impurity element into regions under the first conductive layers 5026a to 5030a. A concentration of phosphorus 
(P) added to third impurity regions 5032 to 5036 is provided with a gradual concentration gradient in accordance with 
5 a film thickness of the taper portion of the first conductive layers 5026a to 5030a. Further, in the semiconductor layer 
overlapping the taper portion of the first conductive layers 5026a to 5030a, from an end portion of the taper portion of 
the second conductive layer toward an inner side, the impurity concentration is more or less reduced, however, the 
concentration stays to be substantially the same degree. 

[0162] A third etching process is carried out as shown in Fig. 1 1 B. The third etching is carried out by using CHF6 for 
10 an etching gas and using a reactive ion etching process (RIE process). The third etching process is carried out for 
partially etching a taper portion of the first conductive layers 5026a to 5031a and reducing a region overlapping the 
semiconductor layer. By the third etching : there are formed third conductive layers 5037 through 5042 (first conductive 
layers 5037a to 5042a and second conductive layers 5037b to 5042b). Reference numeral 5007 denotes a gate insu- 
lating film, and regions not covered by the third shape conductive layers 5037 to 5042 are additionally etched on the 
15 order of 20 to 50 nm, forming thinner regions. 

[0163] By the third etching, there are formed third impurity regions 5032a to 5036a overlapping the first conductive 
layers 5037a to 5041a in third impurity regions 5032 to 5036. Second impurity regions 5032b to5036b between first 
impurity region and third impunity region. 

[0164] Fourth impurity regions 5043 to 5054 added with an impurity element having a conductivity type which is the 
20 opposite of the first conductivity type impurity element, are then formed as shown in Fig. 11 C in the island shape 
semiconductor layers 5004 which form p-channel TFTs. The third shaped conductive layer 5038b is used as a mask 
with respect to the impurity element, and the impurity regions are formed in a self-aligning manner. The island shape 
semiconductor layers 5003, 5005, 5006 and wiring portion 5042 which form n-channel TFTs, are covered over their 
entire surface areas by resist mask 5200. Phosphorus is added to the impurity regions 5043 to 5054 at a different 
25 concentration, and ion doping is performed here using diborane (B 2 H 6 ), so that the respective impurity regions have 
the impurity concentration of 2x1 0 20 to 2x1 0 21 atoms/cm 3 . 

[0165] Impurity regions are formed in the respective island shape semiconductor layers by the above processes. 
The third shaped conductive layers 5037 to 5041 overlapping the island shape semiconductor layers function as gate 
electrodes. The reference numeral 5042 functions as a island shape source signal line. 

30 [0166] A process of activating the impurity elements added to the respective island shape semiconductor layers is 
then performed with the aim of controlling conductivity type after removing the resist mask 5200. Thermal annealing 
using an annealing furnace is performed for this process. In addition, laser annealing and rapid thermal annealing 
(RTA) can also be applied. Thermal annealing is performed with an oxygen concentration equal to or less than 1 ppm, 
preferably equal to or less than 0.1 ppm, in a nitrogen atmosphere at 400 to 700°C, typically between 500 and 600°C. 

35 Heat treatment is performed for 4 hours at 500°C in Embodiment 8. However, for cases in which the wiring material 
used in the third conductive layers 5037 to 5042 is weak with respect to heat, it is preferable to perform activation after 
forming an interlayer insulating film (having silicon as its main constituent) in order to protect the wirings and the like. 
[0167] In addition, heat treatment is performed for 1 to 1 2 hours at 300 to 450°C in an atmosphere containing between 
3 and 100% hydrogen, performing hydrogenation of the island shape semiconductor layers. This process is one of 

^o terminating dangling bonds in the island shape semiconductor layers by hydrogen which is thermally excited. Plasma 
hydrogenation (using hydrogen excited by a plasma) may also be performed as another means of hydrogenation. 
[0168] As shown in Fig. 12A, a first interlayer insulating film 5055 is formed next of a silicon oxynitride film having a 
thickness of 100 to 200 nm. A second interlayer insulating film 5056 made of an organic insulating material is then 
formed on the first interlayer insulating film 5055. After that, the first interlayer film, the second interlayer 5056 and the 

^5 contact hole for the gate insulating film 5007 are formed. The pixel electrode 5063 which is contact to the connect 
wiring 5062 is patterned to formed after forming each wirings (including connect wiring and signal wiring) 5057 to 5062 
and 5064. 

[0169] As the second interlayer insulating film 5056, a film made of organic resin is used, and as the organic resin, 
polyimide, polyamide, acrylic, BCB (benzocyclobutene) or the like can be used. Especially, since the second interlayer 
50 insulating film 5056 has rather the meaning of flattening, acrylic excellent in flatness is desirable. In this embodiment, 
an acrylic film is formed to such a thickness that stepped portions formed by the TFTs can be adequately flattened. It 
is appropriate that the thickness is preferably made 1 to 5 jxm (most preferably 2 to 4 ujti). 

[0170] The formation of the contact holes are performed by dry etching or wet etching. Contact holes reaching the 
n-type impurity regions 501 7, 501 8, 5021 and 5023 to 5025 or the p-type impurity regions 5043 to 5048, a contact hole 
55 reaching to a wiring 5042, a contact hole reaching electric current supply line (not shown), and a contact hole (not 
shown) reaching a gate electrode are formed, respectively. 

[0171] Besides, as the wirings (inclusive of connection line and signal line) 5057 to 5062, and 5064, a lamination 
film of three-layer structure is used, in which a Ti film with a thickness of 100 nm, an aluminum film containing Ti with 
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a thickness of 300 nm, and a Ti film with a thickness of 150 nm are continuously formed by sputtering into one is 
patterned into a desired shape. Of course, the other conductive film may be used. 

[0172] Further in Embodiment 8. a MgAg film with a thickness of 110 nm is formed as a pixel electrode 5063. and 
then subjected to patterning. A contact is Obtained by arranging the pixel electrode 5063 so as to overlap with the 
5 connection wiring 5062 while contacting therewith. This pixel electrode 5063 becomes a cathode of an EL element 
(Fig. 12A). 

[0173] Then, as shown in Fig. 12B, an insulating film containing silicon (silicon oxide film in Embodiment 8) is formed 
into a thickness of 500 nm, and an opening is formed at a position corresponding to the pixel electrode 5063 to form 
the third interlayer insulating film 5065. Upon the formation of the opening, taper-shape side walls can easily be formed 
10 by using a wet etching method. If the side walls of the opening is sufficiently smooth, degradation of the EL layer caused 
by the step becomes a remarkable problem. 

[0174] Then, an EL layer 5066 and an anode (opposite electrode) 5067 are continuously formed by vapor deposition 
without exposing them to the atmosphere. Note that the thickness of the EL layer 5066 is preferably set as 80 to 200 
nm (typically 100 to 120nm), and the thickness of the anode 5067 is preferably formed by an ITO film. 

is [0175] In this step ; the EL layer and the anode are sequentially formed with respect to the pixels corresponding to 
a red color, a green color and a blue color, respectively. Note that, the EL layer lacks withstand property against 
solutions, and therefore the respective colors must be formed individually without using a photolithography technology. 
For that reason, it is preferred that portions other than desired pixels are masked using metallic masks, and the EL 
layer and the anode are selectively formed only for the necessary portions. 

20 [0176] In other words, a mask for masking all the portions except the pixels corresponding to a red color is first set, 
and the EL layer emitting a red color is selectively formed using the mask. Then, a mask for masking all the portions 
except the pixels corresponding to a green color is set, and the EL layer emitting a green color is selectively formed 
using the mask. Succeedingly, similarly, a mask for masking all the portions except the pixels corresponding to a blue 

. . color is set, and the EL layer omitting a blue color is selectively formed using the mask. Note that, in this case, a 

25 description is made such that a different mask is used for each case, however, the same mask may be used for all the 
cases. 

[0177] Employed in this case is a system in which three kinds of EL elements corresponding to RGB are formed. 
However, the following systems may be used: a system in which an EL element emitting a white color and a color filter 
are combined; a system in which an EL element emitting a blue or blue-green color and a fluorescing body (fluorescing 
30 color conversion layer: CCM) are combined; and a system in which a transparent electrode is used for a cathode (pixel 
electrode) and an EL element corresponding to the RGB is overlapped therewith. 

[0178] Note that known materials may be used for the EL layer 5066. As the known materials, organic materials are 
preferably used when taking a driver voltage into an account. For example, a four-layer structure consisting of a positive 
hole injection layer, a positive transportation layer, a light emitting layer, and an electron injection layer may be used 
35 as the EL layer. 

[0179] Next, the anode 5067 is formed using a metal mask on the pixels having the switching TFTs of which the gate 
electrodes are connected to the same gate signal line (pixels on the same line). 

[0180] Note that, in Embodiment 8, although ITO is used as the anode 5067 and MgAg is used as the cathode 5063, 
the present invention is not limited to th is. Other known materials may be used for the anode 5067 and the cathode 5063. 
40 [0181 ] Finally, a passivation film 5068 made from a silicon nitride film is formed into a thickness of 300 nm . By forming 
the passivation film 5068, the EL layer 5066 can be protected from moisture, etc., and the reliability of the EL element 
may be enhanced. 

[0182] Consequently, the EL display panel with the structure as shown in Fig. 12B is completed. Note that, in the 
manufacturing process of the EL display panel in Embodiment 8, the source signal lines are formed from Ta and W, 
45 which are materials for forming gate electrodes, and the gate signal lines are formed from Al, which is a material for 
forming wirings, but different materials may be used. 

[0183] TFT of the active matrix type EL display device formed by above-mentioned steps is taking a lop gale structure. 
However, Embodiment 8 can also be applied to the bottom gate structure TFT and other structure TFT. 
[0184] Further, though the glass substrate is used in Embodiment 8, substrates other than the glass substrate such 
so as plastic substrate, stainless substrate, mono-crystalline wafers can also be used to perform not limited to the glass 
substrate. 

[0185] Incidentally, the EL display in Embodiment 8 exhibits the very high reliability and has the improved operational 
characteristic by providing TFTs having the most suitable structure in not only the pixel portion but also the driver circuit 
portion. Further, it is also possible to add a metallic catalyst such as Ni in the crystallization process, thereby increasing 
55 crystallinity. It therefore becomes possible to set the driving frequency of the source signal line driver circuit to 10 MHz 
or higher. 

[0186] First, a TFT having a structure in which hot carrier injection is reduced without decreasing the operating speed 
as much as possible is used as an n-channel TFT of a CMOS circuit forming the driver circuit portion. Note that the 
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driver circuit referred to here includes circuits such as a shift register, a buffer, a level shifter, a latch in line-sequential 
drive, and a transmission gate in dot-sequential drive. 

[0187] In Embodiment 8, the active layer of the n-channel TFT contains the source region, the drain region, the LDD 
region overlapping with the gate electrode with the gate insulating film sandwiched therebetween (L ov region), the LDD 
region not overlapping with the gate electrode with the gate insulating film sandwiched therebetween (L oH region) : and 
the channel forming region. 

[0188] Further, there is not much need to worry about degradation due to the hot carrier injection with the p-channel 
TFT of the CMOS circuit, and therefore LDD regions may not be formed in particular. It is of course possible to form 
LDD regions similar to those of the n-channel TFT, as a measure against hot carriers. 

[01 89] In addition, when using a CMOS circuit in which electric current flows in both directions in the channel forming 
region, namely a CMOS circuit in which the roles of the source region and the drain region interchange, it is preferable 
that LDD regions be formed on both sides of the channel forming region of the n-channel TFT forming the CMOS 
circuit, sandwiching the channel forming region. A circuit such as a transmission gate used in dot-sequential drive can 
be given as an example of such. Further, when a CMOS circuit in which it is necessary to suppress the value of the 
off current as much as possible is used, the n-channel TFT forming the CMOS circuit preferably has a L ov region. A 
circuit such as the transmission gate used in dot-sequential drive can be given as an example of such. 
[0190] Note that, in practice, it is preferable to perform packaging (sealing), without exposure to the atmosphere, 
using a protecting film (such as a laminated film or an ultraviolet cured resin film) having good airtight properties and 
litlle oulgassing, or a transparent sealing material, after completing through the slate of Fig. 12B. Al this time, the 
reliability of the EL element is increased by making an inert atmosphere on the inside of the sealing material and by 
arranging a drying agent (barium oxide, for example) inside the sealing material. 

[0191] Further, after the airtight properties have been increased by the packaging process, a connector (flexible 
printed circuit: FPC) is attached in order to connect terminals led from the elements or circuits formed on the substrate 
with external signal terminals. Then, a finished product is completed. This state at which the product is ready for ship- 
ment is referred to as an EL display device throughout this specification. 

[0192] Furthermore, in accordance with the process shown in Embodiment 8, the number of photo masks required 
for manufacture of an EL display device can be suppressed. As a result, the process can be shortened, and the reduction 
of the manufacturing cost and the improvement of the yield can be attained. 



30 [Embodiment 9] 

[0193] In this embodiment, an example in which an EL display device of a portable information apparatus of the 
present invention has been fabricated, will be described with reference to FIGS. 19A to 19C. 

[0194] FIG. 19A is a top view of an EL display device, FIG. 19B is a sectional view taken along a line A-A' of FIG. 

35 19A, and FIG. 19C is a sectional view taken along a line B-B' of FIG. 19A. 

[0195] A seal member 4009 is provided so as to surround a pixel portion 4002, a source signal line driving circuit 
4003, and first and second gate signal line driving circuits 4004a and 4004b, which are provided on a substrate 4001 . 
Further, a sealing member 4008 is provided over the pixel portion 4002, the source signal line driving circuit 4003 : and 
the first and the second gate signal line driving circuits 4004a and 4004b. Thus, the pixel portion 4002, the source 

40 signal line driving circuit 4003, and the first and the second gate signal line driving circuits 4004a and 4004b are sealed 
with a filler 421 0 and by the substrate 4001 , the seal member 4009, and the sealing member 4008. 
[0196] Further, the pixel portion 4002, the source signal line driving circuit 4003, and the first and the second gate 
signal line driving circuits 4004a and 4004b provided on the substrate 4001 include a plurality of TFTs. FIG. 1 9B typically 
shows driving TFTs (here, an n-channel TFT and a p-channel TFT are shown) 4201 included in the source signal line 

^5 driving circuit 4003 and a pixel TFT (a TFT for controlling current to an EL element: an EL driving TFT) included in the 
pixel portion 4002, which are formed on an under film 4010. 

[0197] In this embodiment, the p-channel TFT and the n-channel TFT fabricated by a well-known method are used 

as the driving TFTs 4201 , and a p-channel TFT fabricated by a well-known method is used as the EL driving TFT 4202. 

[0198] An interlayer insulating film (flattening film) 4301 is formed on the driving TFTs 4201 and the EL driving TFT 
50 4202, and a pixel electrode (anode) 4203 electrically connected to a drain region of the EL driving TFT 4202 is formed 

thereon. A transparent conductive film having a high work function is used as the pixel electrode 4203. A compound 

of indium oxide and tin oxido, a compound of indium oxide and zinc oxide, zinc oxide, tin oxide, or indium oxide can 

be used for the transparent conductive film. Further, the transparent conductive film added with gallium may be used. 

[01 99] An insulating film 4302 is formed on the pixel electrode 4203, and an opening portion is formed in the insulating 
55 fj| m 4302 over the pixel electrode 4203. In this opening portion, an EL (electroluminescence) layer 4204 is formed on 

the pixel electrode 4203. A well-known organic EL material or inorganic EL material can be used for the EL layer 4204. 

Although the organic EL material includes a low molecular system (monomer system) and a high molecular system 

(polymer system), either may be used. 
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[0200] As a formation method of the EL layer 4204, a well-known evaporation technique or coating technique may 
be used. The structure of the EL layer may be a laminate structure obtained by freely combining a hole injection layer, 
a hole transfer layer, a light emitting layer an electron transfer layer, or an electron injection layer, or a single layer 
structure. 

s [0201] A cathode 4205 made of a conductive film (typically, a conductive film containing aluminum, copper or silver 
as its main ingredient, or a laminate film of those and another conductive films) having a light shielding property is 
formed on the EL layer 4204. It is desirable that moisture and oxygen existing on the interface between the cathode 
4205 and the EL layer 4204 are removed to the utmost. Accordingly, it is necessary to make such contrivance that the 
EL layer 4204 is formed in a nitrogen or rare gas atmosphere, and the cathode 4205 is formed while the EL layer is 

10 not exposed to oxygen or moisture. In this embodiment, a multi-chamber system (cluster tool system) film forming 
apparatus is used, so that the film formation as described above is enabled. A predetermined voltage is applied to the 
cathode 4205. 

[0202] In the manner as described above, an EL element 4303 constituted by the pixel electrode (anode) 4203, the 
EL layer 4204 : and the cathode 4205 is formed. Then, a protection film 4209 is formed on the insulating film 4302 so 
15 as to cover the EL element 4303. The protection film 4209 is effective to prevent oxygen, moisture and the like from 
penetrating into the EL element 4303. 

[0203] Reference numeral 4005a designates a drawing wiring line connected to a power supply line and is electrically 
connected to a source region of the EL driving TFT 4202. The drawing wiring line 4005a passes between the seal 
member 4009 and the substrate 4001, and is electrically connected to an FPC wiring line 4333 included in an FPC 

20 4006 through an anisotropic conductive film 4300. 

[0204] As the sealing member 4008, a glass member, a metal member (typically, a stainless member), a ceramic 
member, or a plastic member (including a plastic film) can be used. As the plastic member, an FRP (Fiberglass-Rein- 
forced Plastics) plate, a PVF (polyvinyl fluoride) film, a Mylar film, a polyester film or an acryl resin film can be used. 
Further, a sheet having such a structure that an aluminum foil is interposed between PVF films or Mylar films can also 

25 be used. 

[0205] However, in the case where the radiation direction of light from the EL element is directed toward the side of 
a cover member, the cover member must be transparent. In this case, a transparent material such as a glass plate, a 
plastic plate, a polyester film, or an acryl film is used. 

[0206] As the filler 421 0, in addition to an inert gas such as nitrogen or argon, ultraviolet ray curing resin or thermo- 
30 setting resin can be used, and PVC (polyvinyl chloride), acryl, polyimide, epoxy resin, silicone resin, PVB (polyvinyl 
butyral), or EVA (ethylene-vinyl acetate) can be used. In this embodiment, nitrogen was used as the filler. 
[0207] Further, in order to expose the filler 4210 to a hygroscopic material (preferably, barium oxide) or a material 
capable of adsorbing oxygen, a recess portion 4007 is provided on the surface of the sealing member 4008 on the 
side of the substrate 4001 and the hygroscopic material or the material 4207 capable of adsorbing oxygen is disposed. 
35 Then, in order to prevent the hygroscopic material or the material 4207 capable of adsorbing oxygen from scattering, 
the hygroscopic material or the material capable of adsorbing oxygen are held in the recess portion 4007 by a recess 
cover member 4208. Note that, the recess cover member 4208 is formed into a fine mesh, and has such a structure 
that air or moisture is permeated and the hygroscopic material or the material 4207 capable of adsorbing oxygen is 
not permeated. The deterioration of the EL element 4303 can be suppressed by providing therewith the hygroscopic 
40 material or the material 4207 capable of adsorbing oxygen. 

[0208] As shown in FIG. 1 9C, at the same time as the formation of the pixel electrode 4203, a conductive film 4203a 
is formed to be in contact with the drawing wiring line 4005a. 

[0209] The anisotropic conductive film 4300 includes a conductive filler 4300a. The substrate 4001 and the FPC 
4006 are thermally compressed, so that the conductive film 4203a on the substrate 4001 and the FPC wiring line 4333 
45 on the FPC 4006 are electrically connected through the conductive filler 4300a. 

[Embodiment 10] 

[0210] In this embodiment, a description will be given of by way of an example of a case using, as an EL display 
50 device of a portable information apparatus of the present invention, an EL display device with downward outgoing light 
in which light emitted from an EL element is radiated to the side of a pixel substrate. 

[0211] When a design rule is made a 1 p.m rule, and a pixel pitch is set as about 100 ppi, a memory circuit, a D/A 
converter and the like in the inside of a pixel can be arranged under a source signal line, and a problem of lowering of 
an opening ratio can be solved. With this structure, the present invention can be applied to not only an EL display 
55 device with upward outgoing light in which light emitted from an EL element is radiated in a direction opposite to the 
side of a pixel substrate but also the EL display device with downward outgoing light. 

[0212] FIG. 30 is a top view schematically showing a pixel of the EL display device with downward outgoing light 
and having the above structure. 
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[0213] Reference numeral 3301 designates a pixel; 3302 to 3304, memory circuits; 3305, a D/A converter (in the 
drawing, expressed as D/A); 3306, a pixel electrode: and 3307, a source signal line. A transparent electrode is used 
as the pixel electrode 3306. Note that, a power supply line, a counter electrode, a color filter, a storage capacitor, and 
the like are not shown. Here, the memory circuits 3302 to 3304 and the D/A converter 3305 are formed under the 
5 source signal line 3307. 

[0214] Note that, although not shown, the memory circuits 3302 to 3304, the D/A converter 3305 and the like can 
also be disposed under a gate signal line, not the source signal line 3307. 

[Embodiment 11] 

10 

[0215] In a pixel of an EL display device of an information terminal instrument of the present invention, although a 
static memory (Static RAM: SRAM) is used as a memory circuit, the memory circuit is not limited to only the SRAM. 
As a memory circuit applicable to the pixel portion of the EL display device of the information terminal instrument of 
the present invention, a dynamic memory (Dynamic RAM: DRAM) or the like can be cited. 

'5 [0216] Further, although particularly not shown, as another type memory circuit, the pixel of the EL display device 
of the information terminal instrument of the present invention can be constructed by using a ferroelectric memory 
(Ferroelectric RAM : FRAM). The FRAM is a nonvolatile memory having a writing speed equivalent to the SRAM or the 
DRAM, and by using its feature of low writing voltage etc., the consumed electric power of the EL display device of the 
information terminal instrument of the present invention can be further reduced. In addition, a construction can also 

20 be made by using a flash memory or the like. 

[Embodiment 12] 

[0217] In an EL display device included in a portable Information apparatus of the present invention, external emission 
25 quantum efficiency can be remarkably improved by using an EL material in which phosphorescence from a triplet 
exciton can be used for light emission. By this, the consumed electric power of an EL element can be reduced, its life 
can be lengthened, and its weight can be reduced. 

[0218] Here ; there is a report in which the triplet exciton is used and the external quantum efficiency is improved. (T. 
Tsutsui, CIRCUIT Adachi, S. Saito, Photochemical Processes in Organized Molecular Systems, ed K. Honda, (Elsevier 
30 Sci. Pub., Tokyo, 1991) p. 437). 

[0219] A molecular formula of an EL material (coumarin pigment) reported in the above paper is as follows: 

[Chemical formula 1| 

35 [0220] (M. A. Baldo, D. F. O'Brien, Y. You, A. Shoustikov S. Sibley, M. E. Thompson, S. R. Forrest, Nature 395 (1988) 
p. 151.) 

[0221] A molecular formula of an EL material (Pt complex) reported in the above paper is as follows: 
[Chemical formula 2] 

40 

[0222] (M. A. Baldo, S. Lamansky, P. E. Burrows : M. E. Thompson, S. R. Forrest, Appl. Phys. Lett., 75 (1 999) p.4.) 
(T. Tsutsui, M. -J. Yang, M. Yahiro, K. Nakamura, T Watanabe, T. Tsuji, Y. Fukuda, T. Wakimoto, S. Mayaguchi, Jpn. 
Appl. Phys., 38 (12B) (1999) L1502.) 

[0223] A molecular formula of an EL material (Ir complex) reported in the above paper is as follows: 

45 

[Chemical formula 3] 

[0224] Next, a description will be given of the characteristics of an EL material which can use phosphorescence from 
the triplet exciton as light emission. 
so [0225] In an EL display device included in a portable information apparatus of the present invention, DC voltage was 
applied to a power supply line by an arbitrary waveform generator, switching ON-OFF was made, and a response time 
was measured. An ON period (selection period) and an OFF period (non-selection period, voltage 0 V) were respectively 
made 250 \ls. 

[0226] As an optical system for measuring the luminous brightness of an EL element, a photomultiplier was set in a 
55 lens-barel of a microscope, and the output of the photomultiplier was measured by an oscilloscope. Note that, in the 
present specification, the response time is defined as rising from the non-selection state to the selection state, or falling 
from the selection state to the non-selection state. Specifically, the response time was a time from the instant of switch- 
ing of a driving waveform to the point^when an optical response pursuant to that was changed to 90 % of a full response. 
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[0227] FIG. 34 shows a driving waveform of a signal inputted to the power supply line and an optical response 
waveform signifying the luminous brightness of the EL element. The upper part indicates the driving waveform, and 
the lower part indicates the optical response waveform. The minus output type photomultiplier was used ; and a voltage 
of OV to 6V was applied. At this time, the response time was 33 u-s. 
5 [0228] As described above, if phosphorescence from the triplet exciton can be used, in principle, the external quantum 
efficiency 3 to 4 times as high as that of the case using fluorescence from the singlet exciton can be realized. 

[Embodiment 13] 

w [0229] In this embodiment, an external appearance of a portable information terminal of the present invention will 
be described. FIG. 31 shows a portable information terminal having a structure of the present invention, in which 
reference numeral 2701 designates a display panel; and 2702, an operation panel. The display panel 2701 and the 
operation panel 2702 are connected to each other at a connection portion 2703. At the connection portion 2703, an 
angle G between a plane of the operation panel 2701 on which a display portion 2704 is provided and a plane of the 

15 operation panel 2702 on which an operation key 2706 is provided can be arbitrarily changed. 

[0230] The display panel 2701 includes the display portion 2704. The portable information terminal shown in FIG. 
31 has a function as a telephone, the display panel 2701 includes a voice output portion 2705, and a voice is outputted 
from the voice output portion 2705. An EL display device is used for the display portion 2704. 

[0231] The aspect ratio of the display portion 2704 can be selected to be an arbitrary one such as 16:9 or 4:3 It is 
20 desirable that the size of the display portion 2704 is about 1 inch to 4.5 inches in diagonal. 

[0232] The operation panel 2702 includes the operation key 2706, a power switch 2707, and a voice input portion 
2708. Note that, in FIG. 31 , although the operation key 2706 and the power switch 2707 are separately provided, such 
a structure may be adopted that the power switch 2707 is included in the operation key 2706. In the voice input portion 
2708, a voice is inputted. 

25 [0233] Note that, in FIG. 31 , although the display panel 2701 includes the voice output portion 2705, and the operation 
panel 2702 includes the voice input portion 2708, this embodiment is not limited to this structure. The display panel 
2701 may include the voice input portion 2708, and the operation panel 2702 may include the voice output portion 
2705. Further, both the voice output portion 2705 and the voice input portion 2708 may be provided on the display 
panel 2701 , or both the voice output portion 2705 and the voice input portion 2708 may be provided on the operation 

30 panel 2702. 

[0234] Note that, FIG. 32 shows an example in which the operation key 2706 of the portable information terminal 
shown in FIG. 31 is operated by an index finger. FIG. 33 shows an example in which the operation key 2706 of the 
portable information terminal shown in FIG. 31 is operated by a thumb. Note that, the operation key 2706 may be 
provided at the side of the operation panel 2702. The operation can be made by only the index finger of one hand 
35 (dominant hand) or only the thumb. 

[Embodiment 14] 

[0235] In this embodiment, an electronic instrument using a portable information apparatus of the present invention 

40 will be described with reference to FIGS. 28A to 28C and FIGS. 27A and 27B. 

[0236] As the portable information apparatus of the present invention, there is a personal computer. FIG. 28A shows 
the personal computer which includes a main body 2801 , an image input portion 2802, a display portion 2803, a key- 
board 2804, and the like. Reduction in consumed electric power of the personal computer can be realized by using an 
EL display device including memory circuits for each pixel as the display portion 2803. 

45 [0237] As the portable information apparatus of the present invention, there is a navigation apparatus. FIG. 28B 
shows the navigation apparatus which includes a main body 2811 , a display portion 2812, a speaker portion 2813, a 
memory medium 2814, an operation switch 2815, and the like. Reduction in consumed electric power of the navigation 
apparatus can be realized by using an EL display device including memory circuits for each pixel as the display portion 
2812. 

so [0238] As the portable information apparatus of the present invention, there is an electronic book. FIG. 28C shows 
the electronic book which includes a main body 2851 , a display portion 2852, a memory medium 2853, an operation 
switch 2854, an antenna 2855, and the like, and displays data stored in a minidisk (MD) or a DVD (Digital Versatile 
Disc) or data received by the antenna. Reduction in consumed electric power of the electronic book can be realized 
by using an EL display device including memory circuits for each pixel as the display portion 2852. 

55 [0239] As the portable information apparatus of the present invention, there is a portable telephone. FIG. 27A shows 
the portable telephone which includes a display panel 2901, an operation panel 2902, a connection portion 2903, a 
display portion 2904, a voice output portion 2905, an operation key 2906, a power switch 2907, a voice input portion 
2908, an antenna 2909, a CCD light receiving portion 2910, an external input port 2911, and the like. Reduction in 
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consumed electric power of the portable telephone can be reaped by using an EL display device including memory 
circuits for each pixel as the display portion 2904. 

[0240] As the portable information apparatus of the present invention, there is a PDA. FIG. 27B shows the PDA 
which includes a display portion and pen input tablet 3004, an operation key 3006, a power switch 3007, an external 
5 input port 3011 , an input pen 3012, and the like. Reduction in consumed electric power of the PDA can be realized by 
using an EL display device including memory circuits for each pixel as the display portion 3004. 

[Embodiment 15] 

10 [0241] In this embodiment, in an EL display device including a pixel with a structure similar to the structure shown 
in FIG. 20, a case where an operation for converting a signal held in a memory circuit included in each pixel and inputted 
to a D/A converter into a corresponding analog signal is controlled by using a DAC controller, will be described with 
reference to FIG. 36. 

[0242] Note that, in this embodiment, the operation for converting the signal held in the memory circuit included in 
^5 each pixel and inputted to the D/A converter into the corresponding analog signal and for outputting it from the D/A 
converter is called a readout operation of the memory circuit. 

[0243] As a structure of the DAC controller, a circuit of a well-known structure can be freely used. 

[0244] In FIG. 36, a pixel includes writing TFTs 108 to 110, memory circuits 105 to 107, a source signal line 101 , a 

power supply line 112, writing gate signal lines 102 to 104, a D/A converter 400, an EL driving TFT 115, an EL element 

20 114, and a storage capacitor C s . 

[0245] One of a source region and a drain region of each of the writing TFTs 1 08 to 1 1 0 is connected to the source 
signal line 1 01 , and the other is connected to the input of each of the memory circuits 1 05 to 1 07. A gate electrode of 
each of the writing TFTs 1 08 to 1 1 0 is connected to each of the writing gate signal lines 1 02 to 1 04. The output of each 
of the memory circuits 105 to 107 is connected to each of input terminals in1 to in3 of the D/A converter 400. The 

25 output "out" of the D/A converter 400 is connected to a gate electrode of the EL driving TFT 115 and one electrode of 
the storage capacitor Cs. One of a source region and a drain region of the EL driving TFT 115 is connected to the 
power supply line 1 1 2, and the other is connected to one electrode of the EL element 1 14. The side where the storage 
capacitor Cs is not connected to the gate electrode of the EL driving TFT 115 is connected to the power supply line 112. 
[0246] The D/A converter 400 is constituted by NAND circuits 441 to 443, inverters 444 to 446 and 461 , switches 

30 447a to 449a, switches 447b to 449b, a switch 460, capacitors C1 to C3, a reset signal line 452, a low voltage side 
gradation power line 453, a high voltage side gradation power line 454. and an intermediate voltage side gradation 
power line 455. 

[0247] Since an operation up to storing of digital signals into the memory circuits 105 to 107 is the same as the 
operation explained in this embodiment mode or Embodiment 1 , the explanation is omitted. 

35 [0248] Hereinafter, the operation of the D/A converter 400 will be described. 

[0249] The switch 460 is turned on by a signal res inputted to the reset signal line 452, the potentials of the capacitors 
C1 to C3 at the side where they are connected to the out terminal are fixed to potential V M of the intermediate voltage 
side gradation power line 455. Further, the potential of the high voltage side gradation power line 454 is set to be equal 
to the potential V L of the lower voltage side gradation power line 453. At this time, even if digital signals are inputted 

to to the input terminals in1 to in3, the signals are not written into the capacitors C1 to C3. 

[0250] Thereafter, the signal res of the reset signal line 452 is changed, the switch 460 is turned off, and fixing of the 
potentials of the capacitors C1 to C3 at the out terminal side is released. Next, the potential of the high voltage side 
gradation power line 454 is changed to a value V H different from the potential V L of the low voltage side gradation 
power line 453. At this time, the outputs of the NAND circuits 441 to 443 are changed in accordance with signals 

^5 inputted to the terminals in1 to in3, and in each of the switches 447 to 449, one of the two switches is turned on, and 
the potential V H of the high voltage side gradation power line or the potential V L of the low voltage side gradation power 
line is applied to the electrodes of the capacitors C1 to C3. 

[0251] Here, the values of the capacitors C1 to C3 are set to correspond to the respective bits. For example, the 
values are set so that C1 :C2:C3 becomes 1 :2:4. 
50 [0252] The potentials of the capacitors C1 to C3 at the out terminal side are changed by voltages applied to the 
capacitors C1 to C3, and the output potentials are changed. That is, an analog signal corresponding to the inputted 
digital signals of the terminals in1 to in3 is outputtcd from the out terminal. 

[0253] The output of the analog signal from the D/A converter 400 with respect to the inputted digital signal can be 
controlled by controlling the signal res inputted to the reset signal line 452 and the potential of the high voltage gradation 
55 power line 454 through the DAC controller. 

[0254] After the digital signals are once written in the memory circuits included in the pixel, the above operation is 
repeated by using the DAC controller, and the readout operation of the digital signals held in the memory circuits is 
repeated, so that a still picture can be displayed. 
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[0255] At this time, the operations of the source signal line driving circuit and the gate signal line driving circuit can 
be stopped. 

[0256] Note that., in FIG. 36, although the description has been given by way of the example in which the thee memory 
circuits are arranged, the invention is not limited to this. In general, the invention can be applied to an EL display device 
5 including a pixel of a structure in which n (n is a natural number not less than 2) memory circuits are arranged in each 
pixel. 

[0257] As the DAC controller, a circuit of a well-known structure can be freely used. 
[Embodiment 16] 

10 

[0258] In this embodiment, an example of a structure of a pixel of the present invention will be described with reference 
to FIG. 35. 

[0259] In FIG. 35, the same portions as those of FIG. 24 are designated by the same characters, and the explanation 
thereof is omitted. 

'5 [0260] In FIG. 35, the outputs of memory circuits 1 05 to 1 07 are respectively inputted to a D/A 1 1 1 through reading 
TFTs 121 to 1 23. Here, gate electrodes of the reading TFTs 1 21 to 1 23 are connected to a reading gate signal line 1 24. 
[0261] In the pixel of the structure of FIG. 35, since the operation of writing signals into the respective memory circuits 
105 to 107 is the same as that of this embodiment mode or this embodiment, the explanation thereof is omitted here. 
[0262] When a still picture is displayed, after digital signals are once stored in the memory circuits 105 to 107, a 

20 signal is inputted to the reading gate signal line 124 so that the reading TFTs 121 to 123 are turned on, and the digital 
signals held in the memory circuits 1 05 to 1 07 are inputted to the D/A 111. Here, in the case where each pixel includes 
the reading TFTs as in this embodiment, inputting digital signals held in the memory circuits 1 05 to 1 07 to the D/A 1 1 1 
is called a readout operation of the signals of the memory circuits. 

[0263] The on and off states of the reading TFTs 121 to 123 arc changed and the readout operation is repeated, so 
25 that the still picture can be displayed. 

[0264] Here : although the readout operation is carried out while the reading gate signal line is selected, the reading 
gate signal line 124 can be driven by using a reading gate signal line driving circuit. 

[0265] As the structure of the reading gate signal line driving circuit, a well-known gate signal line driving circuit or 
the like can be freely used. 

30 [0266] Note that, in FIG. 35, although the description has been given by way of the example in which the three 
memory circuits are arranged, the invention is not limited to this. In general, the invention can be applied to an EL 
display device including a pixel of a structure in which n (n is a natural number not less than 2) memory circuits are 
arranged in each pixel. 

35 [Embodiment 1 7] 



[0267] In this embodiment, a structure of a pixel of an EL display device of the present invention will be described 
with reference to FIG. 37. 

[0268] In FIG. 37, the same portions as those of FIG. 24 are designated by the same characters, and the explanation 
40 is omitted. 

[0269] Memory circuits 141a to 143a and memory circuits 141b to 143b are arranged in each pixel. 
[0270] A selection switch 151 selects connection between a writing TFT 1 08 and the memory circuit 1 41 a or memory 
circuit 141b. A selection switch 152 selects connection between a writing TFT 109 and the memory circuit 142a or 
memory circuit 142b. A selection switch 153 selects connection between a writing TFT 110 and the memory circuit 
45 143a or memory circuit 143b. 

[0271] A selection switch 1 54 selects connection between a D/A 1 1 1 and the memory circuit 1 41 a or memory circuit 
141b. A selection switch 155 selects connection between the D/A 111 and the memory circuit 142a or memory circuit 
142b. A selection switch 156 selects connection between the D/A 111 and the memory circuit 143a or memory circuit 
143b. 

so [0272] By the selection switches 151 to 153 and the selection switches 154 to 156, it is possible to select the case 
where digital signals are stored in the memory circuits 141a to 143a or the case where digital signals are stored in the 
memory circuits 141b to 143b. Further, it is possible to select the case where the digital signals are inputted to the D/ 
A 111 from the memory circuits 141a to 143a or the case where the digital signals are inputted to the D/A 111 from the 
memory circuits 141b to 143b. 

55 [0273] In each pixel, since the operation of inputting digital signals to the respective selected memory circuits and 
the operation of reading out the digital signals held in the respective selected memory circuits are the same as that of 
this embodiment mode or Embodiment 1 , the explanation thereof is omitted. 

[0274] The pixel can store 3-bit digital signals for one frame period by using the memory circuits 141a to 143a, and 
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can store 3-bit signals for another frame period different from the above frame period by using the memory circuits 
141b to 143b. 

[0275] In FIG. 37 r although the circuit is shown in which 3-bit digital signals for 2 frames are stored, the embodiment 
is not limited to this. In general, the embodiment can be applied to an EL display device including a pixel which can 
store n-bit (n is a natural number not less than 2) digital signals for m (m is a natural number not less than 2) frames. 
[0276] According to the present invention, in the portable information apparatus incorporating the EL display device, 
digital signals are stored by using a plurality of memory circuits disposed in the inside of each pixel. When a still picture 
is displayed, the digital signals stored in the memory circuits are repeatedly used for respective frame periods. In this 
way, when the still picture is continuously displayed, the source signal line driving circuit and the like can be stopped. 
Further, since circuits such as a picture signal processing circuit for processing signals inputted to the EL display device 
can also be stopped when the still picture is continuously displayed, the invention greatly contributes to the reduction 
in consumed electric power of the portable information apparatus. 
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Claims 

1 . A portable information apparatus having an electroluminescence display device, said electroluminescence display 
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device comprising: 

a plurality of pixels, each of said plurality of pixels having a plurality of memory circuits and a D/A converter. 

2. A portable information apparatus having an electroluminescence display device, said electroluminescence display 
device comprising: 

a plurality of pixels, each of said plurality of pixels having n memory circuits and a D/A converter for converting 
digital signals stored in said n memory circuits into an analog signal. 

3. A portable information apparatus having an electroluminescence display device, said electroluminescence display 
device comprising: 

a plurality of power supply lines; 

a plurality of pixels, each of said plurality of pixels having n memory circuits and a D/A converter for converting 
digital signals stored in said n memory circuits into an analog signal; 

a thin film transistor having a gate electrode, a source region and a drain region, said gate electrode inputted 
an analog signal from said D/A converter, one of said source region and said drain region connected to one 
of said plurality of power supply lines; and 

an electroluminescence element connected to one of said source region and said drain region that is not 
connected to one of said plurality of power supply lines. 

4. A portable information apparatus having an electroluminescence display device, said electroluminescence display 
device comprising: 

a plurality of power supply lines; 

a plurality of pixels, each of said plurality of pixels having nxm memory circuits and a D/A converter for con- 
verting digital signals stored in said nxm memory circuits into an analog signal; 

a thin film transistor having a gate electrode, a source region and a drain region, said gate electrode inputted 
an analog signal from said D/A converter, one of said source region and said drain region connected to one 
of said plurality of power supply lines; and 

an electroluminescence element connected to one of said source region and said drain region that is not 
connected to one of said plurality of power supply lines. 

5. A portable information apparatus having an electroluminescence display device, said electroluminescence display 
device comprising: 

a plurality of power supply lines; 

a plurality of pixels, each of said plurality of pixels having nxm memory circuits and a D/A converter for con- 
verting digital signals stored in said nxm memory circuits into an analog signal; 

a thin film transistor having a gate electrode, a source region and a drain region, said gate electrode inputted 
an analog signal from said D/A converter, one of said source region and said drain region connected to one 
of said plurality of power supply lines; and 

an electroluminescence element connected to one of said source region and said drain region that is not 
connected to one of said plurality of power supply lines, 

wherein each of the plurality of pixels stores the digital signals for m frames. 

6. A portable information apparatus according to any one of claims 1 to 5, wherein the electroluminescence display 
device includes a source signal line, and 

the memory circuits and the D/A converter are disposed to overlap with the source signal line. 

7. A portable information apparatus according to any one of claims 1 to 5, wherein the electroluminescence display 
device includes a gate signal line, and 

the memory circuits and the D/A converter are disposed to overlap with the gate signal line 
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A portable information apparatus having an electroluminescence display device, said electroluminescence display 
device comprising: 

a plurality of pixels, each of said plurality of pixels having: 

n gate signal lines; 

a plurality of source signal lines crossing said n gate signal lines; 

a plurality of power supply lines disposed parallel to said n gate signal lines or said plurality of source 
signal lines; 

n first thin film transistors, each of said n first thin film transistors having a first gate electrode, a first source 
region and a first drain region, said first gate electrode connected to one of said n gate signal lines, one 
of said first source region and first drain region connected to one of said plurality of source signal lines; 
n memory circuits, an input terminal of each of said n memory circuits connected to said one of said first 
source region and said first drain region; 

a D/A converter connected to an output terminal of each of said memory circuit; 

a second thin film transistor having a second gate electrode, a second source region and a second drain 
region, said gate electrode connected to an output terminal of said D/A converter and one of said second 
source region and second drain region connected to one of said plurality of power supply lines; 
an electroluminescence element connected to one of second source region and drain region. 

A portable information apparatus having an electroluminescence display device, said electroluminescence display 
device comprising: 

a plurality of pixels, each of said plurality of pixels having: 

n source signal lines; 

a plurality of gate signal lines crossing said n source signal lines; 

a plurality of power supply lines disposed parallel to said n source signal lines or said plurality of gate 
signal lines; 

n first thin film transistors, each of said n first thin film transistors having a first gate electrode, a first source 
region and a first drain region, said first gate electrode connected to one of said n source signal lines, one 
of said first source region and first drain region connected to one of said plurality of gate signal lines; 
n memory circuits, an input terminal of each of said n memory circuits connected to said one of said first 
source region and said first drain region; 

a D/A converter connected to an output terminal of each of said memory circuit; 

a second thin film transistor having a second gate electrode, a second source region and a second drain 
region, said gate electrode connected to an output terminal of said D/A converter and one of said second 
source region and second drain region connected to one of said plurality of power supply lines; 
an electroluminescence element connected to one of second source region and drain region. 

A portable information apparatus according to claim 8, wherein the electroluminescence display device includes 
a source signal line driving circuit, and 

the source signal line driving circuit includes shift registers, first latch circuits for holding n-bit digital signals 
by sampling pulses from the shift registers, second latch circuits to which the n-bit digital signals held in the 
first latch circuits are transferred, and switches for sequentially selecting one bit by one bit the n-bit digital 
signals transferred to the second latch circuits to input them to the source signal line. 

A portable information apparatus according to claim 8, wherein the electroluminescence display device includes 
a source signal line driving circuit, and 

the source signal line driving circuit includes shift registers, first latch circuits for holding one-bit digital signals 
by sampling pulses from the shift registers, and second latch circuits to which the one-bit digital signals held 
in the first latch circuits are transferred. 

A portable information apparatus according to claim 9, wherein the electroluminescence display device includes 
a source signal line driving circuit, and 
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the source signal line driving circuit includes shift registers, and latch circuits for holding n-bit digital signals 
by sampling pulses from the shift registers. 

A portable information apparatus according to claim 9, wherein the electroluminescence display device includes 
a source signal line driving circuit, and 

the source signal line driving circuit includes shift registers, latch circuits for holding n-bit digital signals by 
sampling pulses from the shift registers, and n switches for inputting the n-bit digital signals held in the latch 
circuits to the n source signal lines. 

A portable information apparatus according to any one of claims 1 to 13, wherein the memory circuit is a memory 
selected from the group consisting of a static memory (SRAM), a ferroelectric memory (FRAM) and a dynamic 
memory (DRAM). 

A portable information apparatus according to any one of claims 1 to 14, wherein the memory circuits are formed 
on a substrate selected from the group consisting of a glass substrate, a plastic substrate, a stainless substrate, 
and a single crystal wafer. 

1 6. A portable information apparalus according to any one of claims 1 to 1 5, wherein the portable informalion apparatus 
20 is one selected from the group consisting of a portable telephone, a personal computer, a navigation system, a 

PDA, and an electronic book. 

A method of driving a portable information apparatus incorporating an electroluminescence display device including 
a plurality of pixels, the method comprising the steps of: 

storing digital signals in a plurality of memory circuits included in each of the plurality of pixels; 
reading out the stored digital signals repeatedly; 

converting the repeatedly read digital signals into corresponding analog signals; and 
inputting the analog signals to an electroluminescence element. 

A method of driving a portable information apparatus according to claim 17, 
wherein the plurality of pixels are arranged in a matrix form, and 

only the stored digital signals of the plurality of memory circuits included in a pixel at a specific row or a pixel 
35 at a specific column among the plurality of pixels are rewritten. 

1 9. A method of driving a portable information apparatus incorporating an electroluminescence display device including 
a plurality of pixels and a source signal line driving circuit for inputting picture signals to the plurality of pixels, the 
method comprising the steps of: 

40 

storing digital signals in a plurality of memory circuits included in each of the plurality of pixels; 
reading out the stored digital signals repeatedly; 

converting the repeatedly read digital signals into corresponding analog signals; 
inputting the analog signals to an electroluminescence element; and 
45 stopping an operation of the source signal line driving circuit. 

20. A method of driving a portable information apparalus including an electroluminescence display device and a CPU, 
wherein 

so the electroluminescence display device includes a plurality of pixels and a first circuit for outputting signals to 

the plurality of pixels, 

the CPU includes a second circuit for controlling the first circuit, 

digital signals are stored in a plurality of memory circuits included in each of the plurality of pixels, 
the stored digital signals are repeatedly read out, 
55 the repeatedly read digital signals are converted into corresponding analog signals, 

the signals are inputted to an electroluminescence element, and 
an operation of the second circuit is stopped. 
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21 . A method of driving a portable information apparatus incorporating an electroluminescence display device including 
a plurality of pixels, and a VRAM, wherein 

digital signals are stored in a plurality of memory circuits included in each of the plurality of pixels, 
the stored digital signals are repeatedly read out, 

the repeatedly read digital signals are converted into corresponding analog signals, 
the analog signals are inputted to an electroluminescence element, and 
a data readout operation of the VRAM is stopped. 

22. A method of driving a portable information apparatus according to any one of claims 1 7 to 21 , wherein one readout 
operation is carried out for one frame period in the plurality of memory circuits. 

23. A method of driving a portable information apparatus according to any one of claims 1 7 to 22, wherein 

the memory circuit is a memory selected from the group consisting of a static memory (SRAM), a ferroelectric 
memory (FRAM) and a dynamic memory (DRAM). 

24. A method of driving a portable information apparatus according to any one of claims 1 7 to 23, wherein 

the memory circuits are formed on a substrate selected from the group consisting of a glass substrate, a plastic 
substrate, a stainless substrate, and a single crystal wafer. 

25. A method of driving a portable information apparatus according to any one of claims 17 to 24, wherein 

the portable information apparatus is one selected from the group consisting of a portable telephone, a personal 
computer, a navigation system, a PDA, and an electronic book. 
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